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11 jJUU-b iUol : J jSfl 

45 ; a * ^s- (Jj-sA^-l ( J^ajtJl 

67 S-Lill c^UJrl :dJliJl 

89 ^ ob->Sfl J - aL I I 

119 . J 

141 JL-^-1 JaJl j>~ J-iail I^oLJl J-aaJ1 

167 ^L-^-Sn «-Ll» ^ ol j*\ju> :^)LJl J^ajsil 

197 ^-LJl ^lill J^iil 

209 a^I :^UI J^iJl 

223 ObV' : JWJI 

243 aIT Uu : j<i»p ^pU-l J-^aiJt 

279 Sili-I 

283 SjTAiJl c-jliTil ^JlP a «j 

293 ijLjsl oUl jij 4£»-l _/*_} 

315 jSCi 




wLjw? ^1*3 . ^ aJI /^p i wLa JjJ 

|j L-mA Ll ^ .^ 4 L— Hai l 1 C ^J-<Ot J l 



4_i»J ^ j-Jlo (^Jlll JL-Il Aj*-*L>- i— «JaJ 1 aJLT 

j» l?» 4 tf-Lw^l j j-oIsCj Jt-^J c Aj jsio lti>- t ia Jl ^ ^jSfl A1*J| 



IJLAj . ^ ^ j^l ^ APjVlj cpL^pSH J j c-LapS^ 



^1? ^ AJ-^Lio 0 j-£i c^-Jai^ (Up f g l> -^» j-* 

1 j-*>^ L>wj jA lM *)} aIa^JI ^ja ,f.Lii?! I yr . >/a J 

>,^3 * I (**< L ^21p .pLJi^Sn (ot* ^«-j^<Aj a *, ^ 1 ^gL 4 

. iiLw^Sfl ^gip Ai L^*- {*}&*'* 

* * * 

^-jjJj ^ A^JaP oJjli aJ cLjI^-J lilp p l) jl ^-Jajl 

JLlf jL^J^fl jt— A»«^J jJl ^Jj ^J aJl Jajl il)Sf ?lili . jL^JVl 

c-jU^pI e-j*>UaJl j,l*:l AjL J& 1 a*~i\j .(£ oUl J* 

a^j L iJ s l cpL^apV^ ^ ^ i j* l)J cL)L-mj^H ^ \jf^ 

OL>-ljjJl JLjuj . liLo^Sf' tj* yr y cJ*l (J,| l5 jlaJl Ja^jlj 

* , 

tiJJi eJjj t_ . ; , ^ li j . Ljajl ^LaJlIl l)LjJ 6<AjL® j- U ' fl - 4 

SJa-u-w* U^J 0 L# a^Lp oli jl>til aJLfc l)I j-* ca15" 







JA JJliJl 4-L*Jl Jus J^L>* tJ,LcjJl i^JaiJl J* J-*pi 

o jwaj LlllaPl o j jjL?-I ; C*jLil$*l Jij ; (jL*Jj o j-L> 

^1p Jj jj La *3LwVl i, Jl>- ^j-a 4^jlJ( ^1 p aj ^ 5 o Jj J_>- 

tOL^J^fl ^tj j\io jJlJ c5jJ^j eJ^LJL^V^ jl .ai^j 0 375 

IJla eJLliSfVI dAJi Jii j .4 jL>^u aL^ J,l J,bli 

.^JLjJLj <ju (^JJl 





J jSn 

dUU-b il*ul 



Oli Jgj C^cUl L/ 4 JU1 ll ^bl 

4 .ila all d jjljJl (Jbo-i cJj»l>wl11 ^Ip jy>* »i^ ll ^sl c4jL*3 ^1 jJJ-I 
.IJjI Ut-t JL?rt Vj cjji-Jb cylkj cOlijSH pka* X^\ . 4 JUwt.ll 

jjbi jJU v^i .4PJlS JL-J fllap Jbrf i^Jli U* c^ 131 j£jj 
*i _ - ^-Jl ^jA L5 ipl « M.t lb t^yUll ^ 1*3 a I « m.» lb Oy®*-^^ yJ^S"* 

c4*Lp b* 43 yd li J? jf 4JTJU.ll Jbc^V' fUaP 

^51 ^ LuL-^t tb-ti jjbo LJl .^J^til Ulgj 

CjibJl tl>*jl ^ LfrJLp jolj ^Jl JUw^Sflj jl^btlSl jdbJ tUL>“ 4 -j jP 

^ 4k;^Jl ^>- O'yp t/ c£j>^ l/ 2 ^' <il 

^yJaP JJd-fc bli jl ^ ^Iaj V dJUi C^i * Jb* jJl 

y J^p- jJl j5 py - L-— 4Ss-w bbfljj - Ur* 

. LaL~>-l 

l5 i^j cOh^J* Jj cJ-m 2>- ^Jl otwb*-S[l iS y ^ LuSCc wO-J" 

Ll* (^1 cOUp j) ^ «* JLla ^yXj ^ JaJ-1 g- y. J V( w /^*-wJl 

Jj ls^ jf y ^ j* p^U v* J o^- 1 1 ‘cM J 

Owb>r J ^Jl obiyJO jl ciJi <y* 1 j-^Sflj . 0-3 jJ I dJ3 | > ^ 
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p . * * 

.aJs> L g-aL^I JL4 La Ij^L clJL>- 4 JL jJp oljLLl c.. ;oj tAi^a L$jl>- 
c^Lp ^Jl tLgi^ ^L^Sfl 5jdlj 99 ^ JSl jf o ^3 lilj 

*« * * P 

1^*4 I 1 lx^»J L.)!^ ^ L - A 1 1 wLS C- > LJ I «A i 4 4 I'J 1 ■ *■» 1 ll 0 i-X^ 

ciaii L^iLLiS"! Ji 1 ^ \a <JLu^ 4»wJ jl j coClx;^ L^jL^jj 
.C- jJl Jj-4 4^jL>- J-Lj L-j^La ^ jljlil <UjL£ SjI (jlj 



l 4 <*<j c ^ ^Ll j^-a ^L L^a ^ ^^3 LTL^I ^ - 1 f j 

* - 

^Jp ^ 0 jdj^T ^ 4-L* j jJL* 375 La j-o*P IjjJ»«-s^ (J^J^ *-1 * ^ 
I jjb Jl ^j*>Lijj LI Li^-jl .SfLo^i a>-j^ 80 Jl yJl 0 J\s 
JUuVI J A^l^Vl J^l >1 <jU»l cJLi^i aJjUJ ^UJi ^ J^dl 
p-laj*- i]Ljb jlS" . 4 »*^jLJ| JLp JL ju jJl toLI^-Jj Jl ^y* 

^wl^j 4^X-o»**> lil C 4^4^ 4 jI oLjfc ^ »j «u3 ll y* £^jL 

L*\j>^j lil .La J^ai JL>- LjI Li ^P ii ^jl jJl LjIj (jl Laj , ^La . ^ * 

j^P l u JlJlLnj L.J? j.i.bJ> c^»-\^xJlLI J^- 1 3 ^ a Ifl * ll J^JI I jjk ^*^4 Jbjll 
.Ui! Jsl tL^5 J _5 tl^-o^or j^kJ JjV' Ji-' J' 

^‘U^jLjl Jl j->«J| ^jA (Jlisi^l J y>- 2 -— 4 ^lj 4 j L^_>tJ (^JLJl La 

jLo-JiJl JLa>ci 1I ^Jajail ^ LI jl t^3-ljj (J,LaL J Lti> aJL^II C-JLS" jl 
A-jLS" ^23 ^ caJLl^VI oL^ ^jP 4jL>-VI jl Vc^ljLfc ^ or Jj 
?l; z ./?La jUjI jJLaJ LpJj^J 4 c^L L> x,t.^ws.<>.U L^L?>jI 
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dllPb jUJ : JjVi 



t ^ 1 g aJJxS^J a J ^Ji aJ^SH J* t oUL>ti*^ll 

,(li>-V L^J^jLjt e3j^j i(^ J ^~ I C4-L>-S^J oLJj) Ll^jL?! 



aJLo Ljlp Lll^-C yk\ jJb cCjjjbn-T.^ ^L>*jl (j ja.L»j V ^j^llll 



JjjJ £ JjJkl J*».*J OjJ^J L>*_LCj caJIp A3JL| 

.AjjJ L» {JlL Jii-i ^-> .^51 jil ^Lp l~^“L4 ji 

jJb t JUl^Vl J JaJa>t_lJi jju <Lu2$Llil A3*>\jdJ J-Ja$l jl 



- l aJ a^dll ^)) Ic-j ^J- l J y>~ j^jjJl jjlgjjjl <3^-*^ l* 

.((Ow\jli *>lj la la sM j LiSjjj* 9 jl OJb»rj t aS" yc<JJ 



^1 jj( w\_*j CjjjL>rT. mU ^JLp s— A +Ai m iJufcj 

J,l L«JLLP toJlplj CjljL>r C 51 ^* Ji 

g \ jJl L yP j\ ^Lp JjjUL4l jl .oJLiLJl ^jA A--jL 41 ^Jail-lj ^oJu JL3 cilLjb 
jl L3o: c jJJi p-Pjj >t jx*oJL> LfcLjwaj ^iJl jjJalaji- jy<j jl 

^IJb**l**lj . A^-JLp aJLu-1 ^j^P AjU^U kU^K>-j a/2) 

jl luSlcj l ^ «.p j-j«A4l l 3 ^lll c AJa^u»Jl 

a^U C-^L>“L4 ^jJL>*j V 1 UcJg .aaLa Ju4 jl 



jJLp U jL^Vl ^-ipl ^ L^J j ccJ jil Jl 

^L>«jl I Lib jJllS ^gljcaj ai^ 4 ^^uaj o 3JL>- JLiJ .ojL»^l ^y> t^?r _/*Sfl 

tc^Lj JjJl J j+jA J y>~ aJjl^I ^j-P ajL>-^U ^o^ull < ia 4l 

^ajyj i^oU Jail J j^l J ji*- aJjL^I i j^P AjL>-^>U ^^LUaJlj 

^11 oUl^Ll Jj^l ^ cj5l ^S r l oli oUlj^l JJ'jl 




jJllPb Ji 
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oJjb Jjl 4j JJW? j cJjLA-I {J? jrJbbtll oUI^w^Jl! c-LJp- jl 
o3 jju { j>^ . ULL* j>Sfl aLp jlS" L£ oJU-i>- ^il j-a ^L?>jI ^ ^bSfl 
j-5 jt^r^ o3L c^J->«-II <L>- ^jp Jbjll 

jbJlj JjjbJl ^jp . « liiiil c*j\S'j&j c aJjJJ ooL* ooL^-f jJl 

cJajI bujv* V J-*^J bJ ^JJL C-JjL^fl jl ,4 j ^LiJl L^jLIp ^Lp 

bjLi! ^ of . Ajj^-I jj-saJIj C^" j-wwJ.1 c!jL» jJjc*j 

I* 

J ^oJ>til yJ Jte < jP c 0 Jpl J OO L) ^il yA ^jP b>0 

jl l^jixX t AjuiSfb jJ j>,^t!1j j,^:Jl fiJ-j->-l jli t4lS" iJlA <j jij . Jaij 



.IjJU-b ^UajJl 4 j jj Li^-fj Cj j>waJl ^1 jjl t3jO*^j 

i^aJLi>*j A.o. ^ ll 00 lj L>tl»^ll 0 * «^3 J jlj t^OjllJl l*bfc ^_P ^Jl ^JLpj 

# 

oj L b*oo~Jj c-LoJLp (Jl^j .cJk ^Lp 4jo» l)^ aLp jlfT Lo -p IjLST 

jl — ‘Lg3 ji I yL>-ji jl Li j>- — j ^ A>*L>»j 

«? 

JUJbJl ib>*jl jJbJiJ c L jJLp- jJL LgJL>-b Aj Lki^II JIjj 
2jj* I 1 _ * +£U AjSf » bg ill jl j 4 jj j-4^1 ^UaP ^jP L _ - ^ — il JLP <OjIjI ^JL ll 
^U>j^ Sc-jli ^ 4*iLi J* ^kJl jl J,! 4iLj?l UUfe .ooLLjJI oJla 
. Lg-iP L>o ybL| aJL>o jjl ^II £JL» ^ cjLL>tT.^ ^ 
. 0ObL>OO~Ll ^il j-4 OjOj jjb tA-Jip j>Vl Ibjfc /^>* L* jl 

Lo> c-J ^ jj ^ L->tJ c^- L?>Jl ^ Lv 3 y S^bj Jj>*I 

^j-Jl t o ,. .*>Lll j j5w> Jp <£ y^~ 

! L^AjI ^>“1 iiLjbj .^la_~Jl 43 yS^S^A C >i »*>Lll 

. aJjoL O L* iJUfej .IbLl 
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: JjVl 



jjp loLJj ^cj jU ^ O^LiiJ^I j» kpl UILa ^ U. . .. 

1 1»L I ^*^**31 ^J p ^ t ^j \-»...^ Jl Cw<^ljLl i oLj^-1 <Z-) . & 1 4 . ^ _i l JJ 

1 ■ i 1 ^ y >»J LJl LkJ L^sJ I L - * - u L , - Jl 4^> jj*L» 365 (Jl y>- JJ 

«» * 

^ jj^uLJl 4 .ll?Tj ULp lJL>* l-a!i>w) pLapI ^lil ^ ^j^auJl jl 

JU *>Li IJJ . JJLiIlj t 4 j JL iJl j c^l y>-^[L yJLo L&y jL^ *j j ^ j| 
J^iJl jXj c JjSfl 4 JU JJj ^y* P y£J y* 

c-^-i J5"" ySOj 4 0 jw*^ 7 ySCc [^4 ^jLJ|j 4-jlilj J l jjyLA (ju 
* * + 

.*5L*J lLjJo- Jj *5 Cs**1»~-* J-Lj L* jl c JJjJl JJ Ja_Jl JjP jxxIj 

. 4-A.j- ^^ " jj ^^1 l) 13"' t ^i • - ■* J L a ^^OkP j»a j yP Ly ^ tj ^ 

jlS^A jl , LjI yLp ^ j jIj *5f jil-*il (J y>" j y^-s^Jl ^ obL>tJL.*JJ jl 
jl Ll^JTj cJ^Sl J^JLi tL$L>-ta ^JL L*J tljO _prj 
yvl**Jl oljUL* C— S" y JuLl .^JLJt^l^Vl LJLxj j» yo^^l) £|JIa ^Qaij^fl 

^ 4jtL>Jkl jjj^t-^Jl ^Ijjl y* yaxj (J y® Lfrja*J oLiJL? ^olJI y# 

jy> r .. /2 . 1 l jl yA cojLi>>I c^JJl t^c-p-us<aJl y?lyi*5/l L)l .y^jSfl 
JLM 4 Jp ^a La o^Ip ILaj ^ L^jla I y*P yu&\ ^1pS/I ^ 

JUl j* <J J^' ^ ^) ' L3y c s y^ <Jr>\ c jtUil ^ 
jl V^ 3 jSfl oyiiJl oL5" y»- j^j t(Grand Canyon) 0y>^ 

oJlA ^il ji Lli y-Aj coLiJail jJJb £-j? c_3 j c li jLl^-l 
,L*-a oLLlaJJ ^Lv^Sfl J^JLJl ^y* Lll^-? cobyli^-VI 
(J^ y£- <L^>- tLjajl *>LJLJ j J_> w 2 -!l oJlA J>-b oUb^J.1 
^ y>r jil jJJb ^ L*li cJlL>J ^yl^-1 J p ^JjL^JI oLlJaJl 




,iJUL>-b Ji 
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I lij^P j! Lu^Laf (ilj .Aj^JjJI oLiJaJt 

aJL&»L* 4P y**^? -^7 ^ y+*& 4 dj>«jU ^J^l^Jl ^tJjLlJl ^J Lp yJ*- ^JS\ 

1 -L>- aJLIa ^Ip ^1 (J jj-^1 CjLtJaJl jl . oLL>t:.^U y 

^S' yC^A AS'yo^- y* <Z*> Lfl..I^ ^ip toL^-l ^lp 

^1p (jj ^ j-^i cAj jJL*Jl c^LaJaJl LI . Jj Jua 4_*_Jio c-Lii 

(3 &£* ySA tLjapI^ 4<-bl^j^ 4 P IjJ c_l->l_A ^Jli£ 

AjlJajlj . 1 j 4 (^ jjb ^ yuS' LgJ oUl y>- <Jjl JL*f <— i y* L^lS" dJ-A 

*j*> V UJ»j .dJL J'i V L-Ut l*J o4 oi ^1 JjVl 

J5" ^ jjj»*-<aJl ij^-J •‘^" £Vj^ J j-«jJ 

Cr *^ 1 i>* l Iau *» j Uj^r tA^jsjSn o j^Jl a^j ^JLp 

4jjLS 1 ^L>« tljj>7 jl l LLp jyA> ^lp (J 

£Lb5>wP 4 -jJ L^ H-C olj lx.:.vsll J C J 

. L Oj j-s^ ^Ja3 

Ajl>WM*lil ^j*li>-Sn j 6 ■ 4 jjj>r «<all ^ yS* 0 1 

LI^aL 4j I yjb 4 jJUi y L- J-j?J ^Sfl .A-^JbjJJ ljW» I J- 4 I 

^.4 0*1>-Ij JjST y^A J^l ^L>-Vl C^l <J^>* (J ^ * A 
UOpLJ ol* jLtil oJlaj jJlfc U^vaP A*>» Jljj V v l>L 2 JaJl jAJj 
J ^ *■ i ^ ^C *■ ■ L -* J ^^ 3 1 4 L 1 -J a a ^ Li ^ ^ybJl ^ 

4 ^I^aJ^ J <— »* jj L^T,^>.mJ>! I ^Jb^w .!■>. wJl) ^yllll 4 I .^3 . A ^ bX. ^ ' 

y>- ^ CjLjI yS>- ji 4 jl 4-L JL>- ^ Oljl yy- £A \ 2 +*Jlj 1 4jjLiC, 
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jJUpb a£*-JI iUul : J J-aiJl 



jjLiJl ^1 p LJJLpL - -4 cCjIj! ^ aJ /^ v-C , _a X 
CjLiL>tT .~ a ^ A*i CijlSsJkU 

J* 

^l]l 4 Cjlj^JL>«_Ll ^jA |JL>- 4P ^-LL* ^S' yti^ 0^ ^£^*1 AjL Jjv- ^JLflj ^A*Ia 

L» ^1 p jJ V Lj jpo 0 ^ . 3-Xp OwL>-lj 

oli ji>»il aj L. ^1p j**j id » « » « »p» 1 1 f i ** ^ 

it^o^r ^L>rS^ (ju —> JLi>a jjb L» f 01 L0x£ . 4jLL>til 

i_ y QJ L<fc-^>Jl LjJ ^Jl v^l3^JL?»xli cT-J Lp^-o-^ JbJL>tlj 

<L**JjJl cpIaJSH ^j- 4 AP Lfr«JflJJj 4 1 ^ *~*>7 aJ-I ob‘l£)l 

^ ij I i I ^ J? IvU^P t 4 I Wi , M. * , l p 1 

It ( ^ ^ j 

. A* « *IdJl 4LiXi>^ ^•■^-^' . j\St 

oJla ^jA A^j AP^o 37 -\3f <> 3 JH** p~**0 0*\jb ^lp ^ilftjJ 

0 JlA ^Jp jlW:l . Ljajl e-$l LgJj 4jL^Pj ^ oUjl^Jj 

Aj j>? 4P \ »/3j1 JL^ J 4((^-3 l>l ( ^»LiVljS')) ^1 0 ^>>-S I 

^JLCj t j %-5" £^lo IgJ <— il c^l jJl oli olijlSvJl owL* ^ 

IaO? IjLi^P. . j-JbJl ^jJ>o ^>fc> AP ^<>j>r_L 1 O-Lfc . ^ 4 < ^y*J3 

OjIp^o-^- ^lljl tLj-JiSn ■_ a ^ A dj ^JaJl oJla ^ Uj>t, T ...^ ) 0 i 

. 4j j-JJ OjJi a] ^j*>\iJl j» yywjilll |Jla 4^J^j jisi AjJ^T 

4^1p J^aIo V aJ |Jla ^-a 1) ^il*Jl J t-yd oLUrT.^il 0| 

LJlixj ^ y » 1 tLij^ ^ oJL>wJ 01 L^-Cj 
J c((^^*>» Apj-<^>tll ( j-* jO 2 P Jji Ol-i 4o*!^-^i 




jJUU-b aSLwJI 



18 



cI^Ij l l ,J^>«-^ ^ cOLuPj iJ^J ^ 

j-v^p ^j) J,jVl Oli cjbf A^rj ^^Ipj -(( v— il 

£-* J^») oUUjJl Jjl JJ ^flaj ((U^ uy 

jiS^ ^(jjl ^J,j ^lajJLj I Jjb AuL^Ij ^ ji Li I cb_* £w?ljj . (((l_J?I ^ l?l 
* « 6 ) ajL^I iLg Jaju L^J lijLS lo ^j^jU-a^-j t oUljJ-l 



. L^c*-j2J j ^>r »,<Q 1 1 

t_3VI ^^Lp ^ j-4 U-^j L*li 



^ialll lu^s_C ^>ojdJ ^|S" Jki JL> Lj| ( j^L M 2ii‘-l 

* # 

^Lla o| aJjLa c->Lp j-o-^r ^1 jiiij L« LJLpj caJI 

LJ ^juiJ ^ aajLj y>- ^J,| L • LJLpj tobLJl t)bLfc Lo-S" 

AiSf 1%-Lp -Xaj A^“ jlJl Iwijfc . l^-vt2Jt) <^Lp^oJ>*_Il 

oli jl>til Lgj ^j>,^:T ^i)l toL^sJl J y>- oLj? jjjJl l/* 



.^Vb Ua»1 



bw4 Q>> Luj I wLfl-3 ^Aa^~ 1 1 _ J l A - * ■ ^ ill jl Ll> *XP bu w ^L A3 L> /? | 

jj-s^aU L» ^£3 jl cAjI^L* obU>tI^Jkl £-o*>- t j-* j-LoJl 

^Ip jJl>iJ ol oVI Ll^Lcj . L^.Ip oLJ-Ij ‘^jV' J* 

^ A t^Il /^i» J l j 1 jIJj>“I C..*>. y3 

A*J ^ j oLo_*^JJ j J r*- si 1\ L I ^ LaJ JJlil 

0 j oJla j( aJI b^>>J ^(Mesozonic) 
ol *ijj ^ "g -*> C-Jl . al^ 210 

<L-?~ cAj j^LkJl 5 ^1 aJ\ J} j ^ j-^-p ^ Jjw?' ^(Primates) 





19 






. <JLm<j (j^J-4 80 ^l_^“ j J->r j^-P ^jLut 

4*Lj UlU? ^JlP ^3 ijilaJl jj5*w? ^ C^LLtJL^il v-V 0! 
JjwLlSJ cj Ij L>^.t . * 4 4jl^j (j y^ 600 La j j- 5 **-*^ ^ L5Jl>-j lit .^L^^fl 

c(woodchuck) y»V' J* j-4 yj] s-*^ cl! c 

1? j-4 ^ll (jSf $1 £ LJLiJj- 4 4jLS* O^LpI LaJLP Lip ^_> g : . . ^ 

coLJiJl JjIjI tj- 4 cujj ^ oljl> r . :^i > Jj>i-» ^ J _^5w* 

cjJJi jP *>Liaj .o:>j:> Jjl JJ ciJL^Sfl ccJi^-ljjJlj 

jtJL*j LI JLalxJ L# J y>- LLiij y* jJ Li yjj I? j-4 ^ll jJlJi jli 

150 ^ ^5l jj^ p-*^' .l^ip SLP'j ^jV' O* 

t^^ls jSfl JLp J^" ^ — O’ Ij l>0- II ^ y£-Jl JLp H 

Ji-» -^>-1 c£^ ii>JL) ji — IgJl J j+aj}\ <j y*w» <i_L> J5” Jj 

,y.vl II* 

cJjVl ^ II. yl ^Uob UL*Jl UdL*. Jl OVI JuJ 

. ^3 c .^4. ^ ^ 1 1 Ljfljfl ^ ^3 i ^L*j I^kJI 0 I * ^ 1 a * . 4 ■ m j Lll f ^ Lp j i • * , ^^p*J I 

Jl 11* mi 11 .((>-11 Jsi 4jj <.y js"))j t«<^ js^) 1 oisJ 

j^>* 0 ^oi)l jl L$j* f^r yz>r Lj jJ c j ^waJl ^^P 43 L 

jj^t^aJl jl . 4->- oJlS" cji>- 5 jl^ j j-JL* 365 c j yb* 380 

yx^ah t4l^ j^i -4 365 La j*>& £-4i co juil jJJL ^ I 

^Js* L^Jlp j*i> jl c L^r iPi: ji to uijJ-i ^ 4P>^ vi£*l 
Jenny) JtAS" ^ jl^j o i -t i* -liJ .i_i^-ljj jl toll* y. l^j' 
^jij>r {J* I (j^ oLJl » jj tLtjjPj 4jt*L?^ (Clack 
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toLJUjJl oJ Ji .3^ j^JL 365 ^jtL U jajp (Greenland) ^jV 
j^waj^ ^ jJJ V t£* jVi Lfr^r jtj tLfl^STj tLjjLS^ 

3JULS" ^ ljJL>r^ c3jl^ O^L* 385 <— 'jLi L* Lfc j^p aJLj 
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l/'JJJJ c^Lpj Lj 015" JLiJ .dlo~ Jl I jcS* 

lJj5"j < j^*xJ 01 «A^t aJ^«3 jSj V cI*1a JLp p-Wjj . IJ 

* 

Oj-liil jLp ^J.3 ^4J_*>» j^JL* 375 LAj^P ^L» 4 jj^*-nA 3 JLp W-t>tj 

.4-^jLJI JLp J i^xj ^Jl oWI^Jjj ciiLo-^Sfl <ju 
C^l a .1? ll JUJL>0 Ll^J aJ»P pLj^ 4dJ> J Oj^J JLp Wflft.il JuJ 

j y>x. ll ,iL>«jl 4^-^ j^l <_g JL>tl)lj . L^i>t-u (_ . P y ^iJl 4 A*^- ^ jj-Jj 
jl . C~> ljij>r 7^i,lj J^lil>.^l ^ip dj^li lJjJs cJ^XJLj ^J| 
£^*l JJ iJjo 4aJjSH £^L*3jSfl jJUbj 4 CjLlJI ^y> J J>t^j2. Jl 
. A^j [S ' jJl j y>r *,/3 ll 1 jjb 44 j O^L fl-Jail JLp 0 ^— £ 

^i>*j .aJISJJI p-*Jj ^ ^1 L^-lxp L$i ^xJ jLo-^l jl>- jJ V li) 
^>ti) ^J ajUjl-II LpUaP jli ca!xa Jl jJJL Ji* o-b*-j J 
4 0 -jVjj J lj 4cJjL!l j^pw? 1 $j j ^Jl 40 J _Jj oJjJLi j JiJl 
JfcL>o jl Ljul lu^Jj . aJISJJI ^y> Laj^pj 4 c.~Jl jjJlj 

•Ai l$jSf KMarble) ^ Jlj c (Schist) c~~~jJliT ;aJ _ pdil 

$ 0 Jjl C..l$Lio JLj» OjyS ]& jJcjs jl cJjLa j^>wo Jl c.^> 

Ji jJLi *>W LgJli 4 ^Jl c^Ij 1>t :.».ll C-JLS" L>^a 3 jJJ-i-! 

4 o^LUt^JkLi J^Laix-tAJ Ajlill j jl ,~L*J JLaI j-L* 0-fl^>"l 

4AJLa Jl j^>r .MflJl J 4 AjjJj ^ ll ‘ja.^T 1 ^J| Jl 

4jjLi4j .(Shales) ^L>wJl j^^aJlj 4 

O^WjL^XJ A-J Jl j^>r i,S2 ll 44i^>tlll j ^>waJl ^ AjJ 

j^Sfi i Vj ,jL>«jij 4oij>>«-Jij 4 jL^jVi J*^. ^ jsi 
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oULojJl 01 Jj cobJl o Jjfc> Jjl* ^ oLsI^JO J-OaiJ ^1 p 

j aii- cJ-OajI oJ»fc ^ Ja4 

<# P 

t ^ jo j 4f.lll ^ o.O y>r ^il JjLijJl yc ^ j ctAi* co^otj jl 

JgUwflj yi> iju c^lsjJi ojjfc yj c^^Ji jjj - * ^ 

oLJLojlII iaJwaJl jl . LgJ ji (^£ ^>-1 oLS-I? i—.. ■ .*« i 

AjI 0^ caJj ^ 1? A*l4j j-usi ^>- b C A^J l * Jx J I 

La5" . j> t>tliJ oJL>" A^? jj wb^JL>» ^ A ^oJa . P ,JS"L-As 

LlA <L*l*0 oJLpliilj . Ubjl C Jjlwiji-! ^5 A_^jLio» olJLaP 
c. la a>- UK* cA^>b* JjjJO jl c j-g-Jl jiJtf Ob" LJb aJI 

- -^3 i i t — J 1_> L^t- i i ^ L 1 

aOLp 015" b A_m^ 3 C A^aJ l$J ^^jSH A^*^ ^Lp ® j>x-*& ^|Sv3 

JJ.0 iJLufc CO ^>*--*^1 Jj^-bj $J^s-JLl> 0 lLAIj cblS" ^ 

^1 aJlIi^. j L» <blp CO jjUJl Aia^j^til J-*l ^*Jlj coL>-Ull P 

., <* c 

c^valJO ^r-j jL/3 d) yi O^So UL>4 .^jJl Lo-P *«L>- 

^aJ ^jjl c C.«^ j-Aj| ^ ^lalll Jj-Ui Vb« b>-LJ . o jbl 

. ^JuiJl ^li j jLb A.-****-' * " ^1 p Al^J <wbL>- 

(j-* A-j jit A Sla;ll ^ Lj ^Sj ^Lo> . ill ^cjLJI aj^^iJ 
cJilL j .o j=m. JL4 01 L^^cojj^jJl (Hillary Step) 



40 J>| ojl oL>r J-s^aJ c JU .til L-JajaJl J* 

J J^w? 0 ^2Jtj J^-b Oli CciUi j^JJ . jA^aJl C — £ A-JjL^j j^S> Aj ^ jJ 

i3U.^lj oULJ : 0j jL*Vl a-»*Lj caPOS aOI^i^I bJ^ ^3^ a I 





23 






^ j^*rj 0| . Jaiii <Li? jJl 5-liljJl ^ C.J IS" Lc.jia 

j£* 3? jJa?- j tAjLfcLi d^LpLijjl ^lp A JlJ I 4j 

_/^J tJOJO ^ixj iLl^jS" jlAi* ^ip U g . Ij (_£ j-mAJ 

ti. — L^lj^Lj .^V Ol^» ^ ol jli!l J-au_) ti oU-ldl 
^-waJ cLlS" jS" L^j ^ ^ill tAjjli-l ol jviillj 
1 ^JJ ^ A-»3 i ,^-mq -*3 ) cI^Ia^IaJJ 0<pLa '— ^ 1 ij^ 

. Li L^15-*-w«iA I 

01 OV^ li^sP toil ji?Vl oli oL>l ^JO oLzjj US' lil 



0 jJL« 380 ^1 0 ^JL* 375 Ofc jaP £-Lj ^Jt c j jj»waJL) LJ>ij (jUaj ^JL>o 

. J jl jJO jl cOljO^Jl jl HlAlfl»>«-Il ^ olSLjJ ^lll cL j-Aj 41^V 



ljj^ J -S^ * <,<*3 I ^ ^->r *,<l2 II^ 1 4«J LS" j-vJ I JO"*" ^ ^ ^ L ^ 

'\ j£j JS\j SjlpIj 



aJju kji Jai\ J jl ^^Ip VI t^J OVI clJU p-Pjj 

Aj oJIpI jJl j}\ j ^j>r_vaji IS" 0|^ , o JUtaX^ 4^3 L.iJxi^ 1 
jl c 4 j jL?>iJl (jlj-*»Sn jl tt-^lO*pV0 oUax4 jl t^*jSn (^ ' 4^o>P 
, ^o-pl 0 c 0 ^p LJ |* jJL V 0-3J3 013 t 0*-^3J 

VL**!^ cl>« 4j L>« L jL) jA>- oj . j-*Vl 

cjj>- oLi£ A>- ^3p ^L^Jl ji 3 L>t-liL> 



.2ul>l 



JuV ^1 l^: ^Jl dU: ^ JTL.V1 01 

..Mi ^UajJl L^J ^iJl ^jlsUll c-ilJL^V 




jJUU-b 



24 



j . 1 .,^1 ^liaP 0 . 4j^^-i ^J-*l 

^yU £-i J* JILLS' _ / frliJj clkjj JOaC. JTLJ l$Jii dlii! $lfi _f>- 
Aj ^ wsJl J ji *“” S— > '-’ LJli iaJlp *Ljj .3 ./all £*Ja** 

. jki^\j iJ-J j»_» ^ip 0 jjLlil ^liajJl ^jjaxj *-^->*-^ £4jjL*Jl 

^L?>jl ‘AjIjlJI ^ < 1 \? t i 4-j l . x Jk LmJ aJjij ^ ^ ^ s>~\ ^liil 4ju ^laJli ISI 

Ai j .,. tJX ^J C^A^J^-^j) <— ■ >*llLl ^ ^jJl C <— ■ 

m t # 
e-lla.P ^Lp y*^~ ^ ^ I ^p cu>J^ aJIiII j| . 1 A^>- 

^ja 4j j JL i U I jwT 4^? ye* j Vj cCjULJI ^a J-jIaJIj * 

^^l^ljL<* ^ LsL*jw^fcS'”^f I ^ j,a 0 A^»*o l 3 L***JhS" I i-Xxj ^ ^ 5 ,^u--riJl 

tl yu-aJlj c(Gobi Desert) ^ ^p- «•' y»w9 ^ ?aU-Lil» ijl ^ 
a-Uj^il e jli!l <_£ jL^ws c(Utah) eLjjj c(Sahara) 

.(Greenland) -L^j ^p Ji* iaJLjJI 
.Ji^l 3“* ** V Ot UJp ^ySJj (LaIsj^ Air IJLa j-Lj 

Ll^cw* J yjS jJl jJj ^0 ^^ip Li ji £-j9J (_£»Ul jJk Jil-I (jl C^aSI jJl 

^s- ttl j>t-*al 1 ^ j«-gil JjSfl LiLiiTl <L>Jj>*j ^ .aJU-UJI 

sL-s- c(Central Pennsylvania) LjUL-jj Ja-Jji jj ^kJl i_JL>r 
iiLfc 1 t aIT (iJJi ^ t>Uaij -ij^i. L* ' J? ^ 

.jai^^dLii^jlLdV V| 

* 

(.* AJ>tj L>*1* ^ jjjJkl ^ l aI^j tjlilj 03jJl 

A^- j ^ <LJ I j\JlLa 0 ^ll ^ J-P JflJtJ 
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jJUU-b : J /J\ 



L»JUP . OjJL>- j! t^jb £tj y- c-JliaJ 4-_^JL> 

L>- jJdJ L» OLT c (Philadelphia) ^ J> Jj' oIju 

(Catskill) y^ j ^y yfc 

c-^y Ji cJlS" 4 j ywaJl oJjfc .LjUJLy ^ [yJl JjLL«J 

« * * ^ 

<-X3j li j y»* La yp OLS* *-1*] . L«lp 150 (J ijis <^ , Ai^-* ^ydu 

tdiJi Jj .(Late Devonian) J,ybJJl y-ljf y dJbf 

L_jM ybSn d>li lZ-jLjI yj- 1 Jj I jl lai 4 JLI 4 LAj y^t^? db IS" JL 43 
0 j LjjJ Oj^vj d)f JjaiSfl y* cdJJi ^ ., i .lj .<0y. yiil LjjjISIj 

ji oj Jjf . (jyLJiSl jv2jdt ^ Lita*5Li <JLp dJLT Lip 

.OjjUVl yj LJ:> ^ cOJLjo y. f jJl ^^u^jjLa jf 
y aLJLi d^li j .4 jV y]l y _^iJl *ybi ^ oUiJ y *]La oLS" Jill 
4*g i:,A t jLi-l oJLa oL-4 ^JcUjviSj ty ytJJ (jyJl y* 4jjbi-l JjljJO 



’f ^Sj Ji.y yJl yyJl ^ 

Jx*^j 01 l~LP Cd>L)L>d.*Al J-jaif ^ j J yrJ (. *..,<3 It ya 

yS'La'^L! d^ dlb L.I .J yJOj d>LL*Jlj O^lL OVI LJLaI ^jj 



ULiL-y ^ <d^>Lv^l ^il ojl jj d»j y Q..y ddlS" JLii cliJd5Cil 
y ^L? tL-j iJLaJLvjj ^ d^Lv^l ji I ajljj f yL L»Jjp . oyS" 

. j yw2^ d5_d^J c y*>-iJ L»JUPj .yi Jkal\ jL^> yr^iJ 

Ll^jt L* Jl>-LI Li^Jj tJ-JaiV^ LoJl^ 0 V oi-2u5ll! 1 -Laj 

. aL LL* ^ijj L. ^ip Jaii ^ 

XJ J-N^j d993 fLp : y-t ^ y ^y* Ldajl Ia>- iJLjb OlS" Lu5" 
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o Jjb cJ 15" oij j^ip (Ted Daeschler) 

aJLsI jZa IS' AjLli^cll Ljbrly oj. . I *JLS* o L j>- jot*^ L* cAj & 3 jJl 

^liJl jl5vll ^ UJlj c— l$* Ul : jLjT J^_JLj 

0 

£ jJLJ £ £3 y ^lp y T.»»j ^14 jJUJ 4,1 J OJ> jUf LoJ-J 
^ 4j jjjjjJl j y^y2 Jl ^*mC, J-*J J 1)1 Uljj t 4j\jji yp Aj < ^ Zt?L) 

1)|JU. Jij . i— 31 J ^1 p *Aj^->- JJ^ ^L>ol p t L) Lai. *. • - > 

L^J .AjVjJ' <y ^ J -5, J>! 

(_Jlz 5" A ^ la P JL>- j JLj jl — L>buu^i AjJJU v- 4 Ja A 3 ^|J_S Oaj — Ll-JUfe J jLil 



c(Hynerpeton) 0y~>joU> 4 A*jIj 

• (((Hyner) y L& ^y jJt^ai\ jt yA~l)) Lfcti*** <LJL yj \a]S 

0 t 

L u£ j j^jjolgJl (iUbul JLaJ .^5 juJd oJlL y yl ,y> tUUL-jj ^ joIaj 

( i» 

J jL^il lJu* jl ^Ip J:> \J clJb>r Aj y 
iJl^J ^)l>tj| /y * 4 JaJ-l c- y*J y 

jf jJJxjy ,|JL>- o:> jJL£ A3 yl5\it jlaLil dJlS" JLaJ . jl yJ-l 



^ (J ^laJl J jl? ^1*3 . (j j-mJI oLjco^j cJjlAlj tOULJl 10-133 
y jJl OjJL^VLj ^^->- A-wi 4^03 y-J lita LlS" cULaIwJj 

c j ywiJl oJla ^y ^ 40 yj^oLgJl v— *\JlsS'\ -bn j 

LLp OlS* 131 > A3 j j?w? L^ij LS" 



4 aJULaJI LLaJIj 4^Jai!l ^1 



Ji ^1 0j£***^ aIS' ^A.l. yJ l 

Aif.,J la as LjL^-aL) 

^ yjl j 4 ^y 0 a>- A3 ^.JLfK^ jy^t-yj? 4^*-*Uflj 
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MOUNTAINS 







Lgj : §3 is ' j—* j* o Ut j& j k ft f # ? j-dl JaJ) 0 jJl L»'L iL^j b Vj 

jjSl ^ji>w jf LJ ^ 4jt Uf CAJjt t jt r NjUll 

.Ur jijJr\ J ±*XL* w-ibf U UUjSI 

(Yukon) 0 jjj t (Alaska) ^ US' Ji_j 

jpJ^Lw* Lkju O ^JUb *5 'i& i* 4jtw ..U L|ji 

JUj .C^y^-Sn J t^Uail tub y 

tSUa^UJl Ur j-jM 3^Ull J y~ Jl*3br UUadl Lj 

* Jl>- jjjP- U?r ■ - **■ -— | uJlj^-1 ^13 ^ ^ ^ 

IjJbrj iLJ S&l Ol^li ti^jU iyall --1 jrll pUl 




aSs-o-^JI 
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l cLl^LlIj jil dJJi Jb>-I .Aj^ c LJaJa>«j Lo-*><j 

. A1P l-Li>tJ 

. 0 Jj JL>- AjJjL>- aL >- ) 1 Jjj C(JtxM <_Jli jJ 

l ** ^ ^zll c 4_iflj LJ I I 3 I ^Ip 

C-Jl^ 4 jJL*J( oL-<JJ 4-CJ^iil dl Ij JL alp! cJJju. I j-*^p 

J LSs ^ I A»& ^ ^ 1? I AjjJ . Ij hds^ Ita-djbi ^ jy j 

I ^Aj ^ lliu IgJ oX>d^ ^5"^ c A^i^-AO AjA-P oL^>* j 

(j jli£ lxt>j cAj*}Lj jxi 

C^Lpbj A3jjjtll Cjljl ^Ail Ar*-lj c<— il £-* |j^r ^jIAj 
LL_p caj jjJl 4jlcXJl Ifxj jJ\ *]{ut jlST pj c^AjV' 

A. 1 i»^ 0 C Ail^J A fl is * a C 0 Jf^i ^ Cj^ 



\ A * £ A-jLo-kiJl A^*lg A II 0 A*<oJ>*Jl!L I AjoLzJlI ^J-p 

iJLub c-JLS" . oJU^dl SnUill ^ o*L*j jt j c jL?^-Af iJLla 

AJ c I J)^^ 3 ^ ^ ^jJl^ C ^A-*Jl ^yA J 0A*>- A_V^ ^ 

j5Lio 



clA*>- A3 y yuk AjJLl^JI XJajaJl 4aPa;il y* 2i jJd>J.I ^jJ^bil cJlS" Ail 
I y>\3 JJl c ^j\J AdxJl tLoJ-Pj c d^rr 5 ^ Lyg J ., ^3 ^> - 

Ashton) d 015" c A. a .l^J iaj( '- fl : ^ 4 

eJw? J Ji cj-ojtil dJLIi ^ jdlxj c^*li cj jiJ' djli c (Embry 
^ 2Lij-jjJl j j^>w2_U UgJt c^-dSsJi A^ij-LjjJl j A^>- jJ^>- 

LJli>- y, >d? jJ Xj j U ES" wLaJ . odP i^Jl j->- ( j-4 LjIaL«Jj 
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jJUUb )l *L*j! 




ARCTIC ISLANDS 

unexplored 



DEVONIAN 



SED <;M?N f AflY M£tE& 



CATSKILL 

PROJECT 



a i* L. JutlS rfJL-iJI tiC^V ty$l UJj J lihijJ-t 3±* 

H J t£lt J J** f tjyilajt t Jltyl ' mjjmL J r l-.l ■ >- L’ 

.iiJi* jt iAi C-JtX elj** 

RM.) o jj .j.j i! 3 ,l 4tu* jtjjf k£> 'jdi^L.ty 

i (Evolution of the Earth) jV/ t(RE. Batten ) <j^U ~<J -j j (Dott 

, (McGraw-Hill. 1988 , jy jj) 



^ <3 ^ * hi ij I 0 | . o^LjcJ! oJla oft! j) ^ l *' 3 

, Ut5" d^!i a ll A—iidJ 1 ' dala .11 UwLpUmO sj l-i!al — ‘j 




siJULi-b 4^-**Jl 
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£jl jA y y*- ^Jjl %JalJl j^waJl j! t jSJJL jjjJ-l yj 

jJjUaj 4 flla ill Oli ^iJ J ^LJI.aI^m.Li j c-L*)Lj y ^ CjIjL>t ** Jl 

Ol dJi y JJaiSflj . JlJJsJIj ^jJl j c ^-oJl l^LJl U joLa* jLjC 

caJI p f-Lj j c4jjLii!l cjLL? *t: . J l *Ua! /^Xj 4JalaJl dJLL 

* 

. cj L 1>wl J I ^p li>o <LjLj* jS* c*J LT 
^Jl tviJLL { y L*L£ 4jaJLj£ LuU ojujj-i oLo>Jl cJlS* JJLt 
\j c LJ L aJL^JLi ^ ^j^Jl JJj ^laJl J jl? £* . Lj l ^ L*Ll£>-I j 

l , - “** - * LS'' * i* > c j£» l I t ^-*j L^~ L J I *A^>* I *-\j o L 

Lislj ol o ljJLxs c^JaJl 4J2JI L *1 . oLLhi.^^ ^p 
4j jJL| Jl j^-Vl Lj J? A 1 jl jl til* fUJl JUil) 01 jl C 4 J 2 JI OjJl 

Lj jL^ j^j}j ^ c L.o U>- ol LpOj^Ij Oaj ^ • ^****1 1 ajl^^JI 

4-jLoJ ^Oa-AJ (jl O'bfl LJp . dJ L L>*JdJl ^ip 4 j^I>J| j < 4 ll 

jSo: V *jV SjiJ-l ^ f jj LJa^Jl ^ JiVl ^Ip fLI 

Oaj Ojjjj 3 wLpL 5 c-j Ji lj t^ j ^’l V} jy * t,/S ll (^i (J y*& 

cjL>-LLIj t^UJl y ^jJJl J>-1 y V) Or^J • 250 J,!^- 

^ 4-^jbl .0L*Vl y JtJ=» J,l 4iL0>^L cJaii JJLk! 

J>-lj ol Ljl^jt V 4jl c..;p 0 ylUl ^Ip L*jLJl OJ ^!l Ol c j-«Vl 

^Jjb J,! Jj- 0?1 ,ULwl>.j ^i!l cjIjU%.:.» Jl y “>Ljl> IjOi VJ cLa>* 

4jlJL?“- Lj^j: co^s^Jl 4 ^j* jjl oOiLJl ^jO-JI 

coLUL^^I ol c5y Ujlp c^Ip JS" 4JU .til oXo^iil 4-lkdl 

p 

L#L? aJbJL>- cO 15" LfcLj^->-lj ^lil 
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*1 ‘“^ C U U^l e\±>\ ^j3 jS+~* 

^iojli ^15 JlaJ .Ujc* ^jlijU 4 jc* 1>- (Farish A. Jenkins, Jr) . J 

O^jvJ^-1 Aj jJ^ C 0 *JU *JLP L **— ■* I aI U ^ <-1j^Uj^P A<3 U»£ w > I l**j 1 "•» i 

JU>-I aT^Aj . yi\ .il JLpI ^ . A>- j ^1 p J-*-*-5l ^ UfliJ <L»jVJl 

Ul J tUL*Jl c-Ul c ^ ^.LJt ^*JU? c«-t-j tA-PplVl 

< 5 UiLifT 1 a]^L>*_L ^aJL^J' oAx>->till a aia ill jy-ULI US* 

. 4^j'\J\ Ji£ coljl^i-l (J,! iiU-^Vl L j-^ J j^Ul ^lp 

1;*a 1T Jij ca* ; 1j dll oljL>ti^il jtJLt! iJUfc J^>-jj V 

iJjJuJ ^*_ .r^!l Lj( ^5j ;UJ sVUjj Cf-li Jl^\ ^jA J y>- ^JUaj 

I JlA 0\S Alfc jij . LgjU 4 j j > tlJJ Ijjva^tJ 01 U J^>-^j V Ail cigjSi 

(J,jSfl fl j-oJJ U J*ULwl Lpj y^\ ;Ui j jjlJlJI 

o ^sj J j! cOLS"j . ^Lo^iJl JL«j>tlIl t^iajiJl ^yr (J* I Ar*“ J 

Q<woJ o j-a j^S" p-^joU 01 ^1* .*-2 V c a^.U ^ ll A-jjJl Uojlj 
0 JUl>*j 01 jiill lJub . iS ^>o g-lQa^j ^JL j^p li>tj JjiSH 
l^illaJl :>! yl JL^l <_£lj cSJO^clll 4 ala ill ^ J jVl Up j~ 0 .*Ui>Sfl 

t .a ->^aJ 4 jI ji Up JL*-j c^Jai o-b JLaJ c aS" j^Ia g-l *Qlj a*0j 

* 

tUJUjwU — a J,! (Keystone Kops) 0 a 1? jdS Up -Uj 

Ijjj Ujl VI ^ A ll Uj 01 US'j^l 01 (J,J cUJljLL^?j cUjV-*-*^^ 

p * 

L % jA oJl iSot j' cj L>u^l ^*JLp ^-^’j .^03 ^5^* Up U-Us 

4jlUiLI j jJaill wlj ^L p aJjOS c ^X l >J0 jzj 01 c AiUU.1 yi^-^ 




dllPb 
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\ g j ^Jl dJtS" . jl>- jl^L* JU-iJi ji 

oLJl^Jl .^1500 L^> £-L ^Js- y uJ^A 

LS* t jt .fUSI 4 -*jj( (Jj jj>- J ^iaj Lg-lP ^l]l 

. d> Li L?»d - i 1 ^ip (j£ y^~ j -5l OjOW? 4juL ^J,l 4j^l_>tj 

l y jj^-C Cj^-PwXJl ^*>*1 j* oj 

Jj>“1 ij\S JlaJ . 4j jjc^aJi ^ j-Jl iJlfc ^Jjl4 ^ip £ j-jaJLj Ojiij L® LcJta 

lwL_>- 4^Ja3 4i*j ^P^ d>l>- j^L» ^jji j I Jj>- V ^jvjt^-l ^il 

(jl c^j ^L) ^j^ioJJ ot>-l ^ ^ll lJu& < ~S LaJUj^ .dJLIi ^^Ip 

\ Wall ^ oJbJL>- oVLoJ^I jt ji J, jU>r 

<L®^S* ^3 ^ y\ ^^ , * > ^ )) l **— 1 ^ ^ 4 J,LjJl wLo^>tzl^ 

LS ip o^jJ^* L^i I j (3 JLiai 

.JaJ-t clJLI-XS^j tLJ^I £d>l jJ->< d . . * (S*Xa 

l 'jA ^JbdJlj c^JJLaJIj 4JjL>J.L <UP \jS L» \JJl>-j JLaJ 

1 Jj>- o JU xj c — ]\S — 1999 ja ^ LloI ja .LjUajM 

Melville) Jt^r 4 « yj^ 5ikdt ^ y } I ^ 

c~J\£ LiiSsJj cLfi ji .(island 

4jjJb>til ^1 jjV^ y* JbJbJl LiJ^j JlJj cC^lj'u>r.l.w>Ilj i^^A 

^ ** J»ip t. m j\!k Lua>- l^j i 4i5C^.ll d^j IS " ^ y* 

cjjljui-l ^ oJL *7 ol yj \j£ jJl d-^Jj cajiu^aJI oLll 

. a >> oLjl ^Jlp <uiJL*Jl d>t)i 44-L>waJl jt 

Jij jl 2000 ^Ip ^ \jjy <> i^f>r y> y-^ <S js+\ S^~ { 
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b *\*j\ : J fj\ 



^1p C— 515" iJUa j^>waJl jSf £ (J>J Li^i» U:.uj 

^Jai ^Ip j ji*JL UU ■^-^ p Jj'-^r jUJ 

, jV^*^ ^jj j*UsLP 

^Ip ^ ^JLiJ-l jll oljLjJ ^-4 La>* J-fcdll cJslAif T V' c-U^ JLi] 

Jpj^i Uj jja ^ ^LJuaJI J-3 liJJi l)15^j *2000 

{ yS? j > «-U LSj ^JllaJl ^Ip ci! ^Li*l>Uaji 

j^>uj UJLS^J UJl p j-o^ + lajJ J-3 oU*il LjfluiJl ^ 

Jason) jjjta j-^U^ jl . ^UtiaJl U! j_> j t^JUbUl LJUi^- fc >La 

«* <* * 

4jL>- ^ il qIj L>t t.^ L l ^JaJ ii4 LJUa L&Jbu ^ JJl c(Downs 

olpJl* ljub d)l5"j . ^JL>tii c-i ji 1 ^ J,J ^ -*S tj, V^Ur-l 

J5* c\-i3 lil LS"j C(j y ^tJ Lif ijiill 

* * * — 

.2 ^ |*Pj^ . 4*)Ujl bttUl .-LpI ^ 1 U*JL^ j^*V^ U>* 

<j^>- ^i-P ^ r -^’i jt ^>Lc ;4 jLjl*J| ^Jw?I jaJI j t 4 a la.: 1 1 ^ 4. : . ; IaflJl 

4 : >m*‘ ^J l 4^jU| ^ L*JL>> Oj 5" ^Jl ^SUjI .tJbl ^xj ji co^P 

UJjPj i, j£ <JaJ- JT £a pjfljo j ^P tp-SUaJl ^ 

.^JLAj O j*/? C..,* ^..*i t AJP 4iaj>- jl Jp| ^9 Up 

p ^ 

o Jk2j 4^_>- j jJL*J cJl5" wLi! c j j-^U>r jU" iCjjj U» Jj'j 

c4^o-jUl U*JLPj .4PjiajL4 4-v^Uajl C-U I5"j cOjP 

4iJJLj CJIS" JlSi c^JjLU ^iaj 2jU>- ^ J^Ulj j!>J> jl Ljl Ui ^P 
U^Lj ^1j>*-j o j^*“U - w*Jl Jl5j , 4_aiS* ^Lp ^ 

c4jU* r: ^ U ^Uajtll ^ ^ ^i-1 f-tjj 4.,^*» ^ ^>iJ eJ^4 y J^Jj V t0 *^ 












&Ji ^ ~ L ' ' L ~*j\j UjLtLi *' > j •- j-i-j Il+JC 

y* I *tyS^j 4j&i£ 0jL& t3jyL*& i*_ ^ 

^ >L* Jn — ^ t#^v« ( *iy ^ ^ iifa/M- 



Jj t4iia_fc> ;a^_U ^. ■>- 1 J5" oJL? 

Aj jtj^ j.>.ts. i >xJ jlS" 4jf cJL^*J JLaJ . J t^JL^-l>Ui 

lIh-j IS' JLoJ . Ljj j( 4 j LS\j*\j OLS' f Ljajl 
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ili^b i£~Jl jUv.! :JjVl J-aiJl 



j V t jJtvs a3 jjt ^ 

wij V ^ JJ.I 4jl ji Jaj tOjow? OjL** i— ^>- 1 ... . 

.ovi >b ji tu*u 

* f 

^ ^ 4^L- 1*0' 

Uluiljl iJJJaJ <J j>- jIaj l) 1 UJl P ^ c^Jaijl 

f> 

ip 0^ AAl . 0 y*n\^- £3 ^4 I JJ& l I g J CAjV jAlJl *-jL^a| 

\a‘** jlS** cl) « A:?T l Ljfj c^L ^ r ,^plj <Jy 4 till 

1^ a il, > «/3.> Ly»fl5 . 4 j i ^LIap o^Ij>x_***j 

^J Lp LiLc ^ijii 1 a& 0] . Ajuj i j ^^l)I j cp- »j**» 

iii jU^jI : JjJl>* JlsJl ^ ^ Lju^j . 4jlp c~>*A US' L® 

,4jJb o ji>“l cj «ai\ 

0 as* jA \^zla AjAj£ Lla o /jA\ c * — * Ai! 
d — j IS" Ail . 4 »o>JL*i aJL« 15^ 4^©JaP JjTLa j>t>ol JA>- ^Jl LlLAj c^L^i*-^^ 
<>rj3 ^JoJ&rS) ccllA JS" JloJjl wLo^>tlll Jaj]l Aa caJKaII 

V L* Alp cc-AwaJl ^ j . jk^\\ c^- C-jL^j i >- j j ^0 Ji b'A 1 

# , 

Ojj^ ijj 50 £-i O jI A>- jj> cA IS" ctJbl jAj 

l " Aaj Ojl l 3 iJUfc A^LiJl cA^^-J' 

jAloJO j cc-llA J5" ^aiilJj 2>j6 LgJl . oIjL>t:.^11j j y*^S\ 

0>aJI lJ ^r 4 ^ y* ij* * AO j ^j^aialj Uaj j . J"^ 

^j-4 ilaJL^ aJLiS^ iLLprij L® Alpj . C-AaiJ ^LlisJi cA IS" c^l^*^i l5^" 

Aj j>^0 4aA> 4j! JwbtJ Oi LilSLili ^ CAjLzii ^i-P Oj^AaII 




diU-b 
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1000 • I JOS' jfO jS <xbUL* t ^ ^ '~^ 

JUjJi , -Lit ! 



4 i^' (^' >*' Sx^p ULj LXJ JOJ • W j-b^ ^tj 

# 

h ol 4-^7 x j 14 j|l la^* m - & **- ~- -- j ii*4jjiLj1p^ b j^j 

{.pbl 3 jujI Jjljj* , jJ-^aj ^UajJl ^jJLL C— ilS" IJLfc ^5 ^ (_£j4J 

ol>lhi^« jnb ajL^jJI 4M-JsjJI 1 :.a ., A.f 

\ 4 .y3> jl£j * J ji UJb-I PiJuf l j ^ la*.* C-jLS"j 4 4*lKrfw- 

. 0*^ j _ fl j t j 
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La 1 jJL>-j ^ill iJbo^Sfl ! ob LjLL?“ J-imJl L)b" J LSJ 

* # 

A*^ ii £jl yA ^ LSjLw \ ^ ^ Jjj 43 J yjk C-JlS" 

4-J^i *”^ bo^^Sf 1 0*bfc '" , ^ ClL^*^ {j* ^ ^ 

jl b j y i2004 ^Lp ^a 3 . 4^woUl ^1 p ^1 tobl^J-l ^ 

oli*_Jl Li-bbT JUiJ .2LJL 4 j a jll oJjb c-bbTj l 6 J jL>,j 

j jJ-oAl JL>- 1 Jj>- 4jjJiC» l. J flJtJl ^ 

. oli*_Jl tiJLlj ^g-bj jl LJlp OlS" oliLt^ifT^I ^?ai 
-LiJ .2004 (*Lp jJjj Jj'IjI ^ ^Vjf 4 *jj( j!>U- JS" jyu'j 
b? j£\ jJbbl cob ybbl JjLJ ^ 0 ^>w2 v Ul C- :< ^ 

A£* y&£^ ( I*Aj 1 o L* * 0 I ^*^1 1 1 *** * * *„ ^1 J ^ 1 1 J ^ ^ ^ 

ob-fc dAii objlj CJ>^ A^.«. t o ^ J j^».toflJl 

4 P C-JJb J3j . JLjbi-b ollaJi* {£ y>~ 1 4 *jL ^J,! UJ^li 4_P 



^xil ciJbo^Sfl c£l ii jl l^-pj bgj^Jj .i3 

. <L>r b-^.4 , ^1 j ^JLal* c*JlS* Ujls' o->bb JlaJ . Li , • yA Li 



<—Jij (Steve Gatesy) jLp 041^ ^L» j Obf c jbJi j.* ^ jj -U> 

• bj yij 0 U4^ £ 3 j ^Jpl 

C-bbT ^i!l ,b*b^ 4JJ jia-J l)I ^ ^jP 

0AA C-ili" b^J *~a b^J Oli" co ^li ^ JLJbbb ol IoXa 

C^)15" l ^s£*q**m ^jA jJl ^ip , 4^o bfc^ o-L>bj>r 



Ji c-LaJ^l c^-«b*Sfl jJaJl ^Jp ^JaJj L5" JLaJ t jS\ obplj 

04-s^Jl 4 -ij , l)L*L ^ b y>r y jSL-gJl ^ 5 b 0/s 
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Ll*_4 "^L^IS" Jj>-I ^jA .^5" £ ^ L by > 3 Ly bw >< l ^ * P J T 1 1 

olj d O ili ajLl*j ^ j JL i Il dL d *> ^J-o-P 01 . 4 tf *lg Hi jO>s_Ll 

4_J1_0j 1 4 fll'J ■ ll |JLA Id^j ^I>- 4jJdI^ll j^$L>-^[I (O’ 4 

. 4^oLJl j till Oy. 

j£S"1 d.Jl5" ^jl? jJl j^i>*-ll li jla La l JU- ^ill cC^liJtll 01 

dJ 15" j-g-ji aJL1?j . 4j L ^Lp ^ OLJ-® 

j! cOLdVl dljll j tjJb LiLp Cfj ^>“Sfl j-L 4jJa3 Jljj o ^>*-s^Jl 
J5" cJlO^nJJ dJl5"j c jdxll ^ ^Jjv2J>tll Jj ^ J jt*-4 
d-OLKJj 015* fi j-4 C j-?^>tlll ^l^il £tJj-io ^4 0 Jjwl>- 4jtla3 

t * f> * 

^JS\ cdljl jJO J-^l (j£* Ldi 05"j cLj ji f'O^r LJ 

, 4^»**j lOl ^^ Lp ^^ws-tju 

c2004 frlii JOL>“ jj^t-Mail dAlj L^jj-Vj olilj L*j 

.doUl ^Lp ^ill cdLI jJ-lj clSL^Vl Oy. LJir 015" 

^Jl j>? ^ doLJl ^Lp cdLI ^JOj oSU^SH 01 

^iJl dUI ^JO dJlS" LlJ 44^L> j jg- ^JJJ LgJ i]Lo^»SfLj OwlP 

^3 LaLuP^j C^A->«Lol]l ^ I 3 -4 LgJ 4 _o-j LJ l ^1 -P 

.^"4 Lg-sliS^li : ijlipl >lM o . ^LpS/I 

LgJLi c4^Ul cu^Lp ^1 c JjSfl dUI^JO L-l .yJ^Jl ^li^Jl 

^j>ci) 01 L^-ojj j j 01 ^i*j IjT ;LgiL ^ill AjjJl dUI^J-LS" (jlipl 

. LgiOSl /^p J-4d>» J^dj 

^ l _ q ■*£>! j^~ Lo-*>>^Ai3 cUajI j?-\ oj±S LdO^L^” I 23 Lla^ 
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sjt ^ ^/J _~ j Ji j(j^^ a .1 C- fj^j 

}J*- f iAfJU j* i^jn i ju?iJ/ jj £ r '-/ J ^ T ^ 

f^iajj^f ji *// 4w f^ ^ .MJL^f jl i ^*JHn.ty ^4*'**^ 

*(Tcy/ Dat'.rcViter J Jj Lfc Jj±& t> >*- 5fl jj-aJtj t^jJjli 

* (Academy of Natural Sciences of Philadelphia ) Li/j^Li ^ ^ ■ . /a ft 



^i'Lo— w^AJ 4 * i__p ~‘ il J&- 4. L^J ^...Jj * dj LJ 1 id^Lil y~*~ 

4 ,.— — j LJ I L»JLj | j b j : l *- — > ( JLp 

«JLfli ot L^s-Cj t ^ — ^L*-- j L^J 

ilLh^V^ tju 4^-jl /j* 4-<Jii frLdJ^f ioLJjliii 

. 4-^-jLJI oUl 

Jut j,,^ di Ju jJ^l LuJlS" 





ciJLU-b Jl 
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l_JuLpjJ CO j ^ la ^JLp JlLil aJ .ilLo-^Sf L"* L)t5 ,,, Ji-Ai .daLl^^-l ^jA 
j aJ AujUl 1 y*>£ AI^Jj . A^JllP j £-* 

cAjjJLjJI ^IjjJl ^yjt l*liaP <_£ jj cAjLpjJI ^ia-J LawUPj . 4^5jj 

aJ is ^>* j-4 c^» J\ c a^L^S/I £jj^j 

1 c A-Jl-j^j J^LL«J ^ jAJ CeJ llS" LgJ A^Lo,^ 0-Lfc iLkjl 

Li l£j| ^a 0 1 IL^a L^-3 jLki-jj ^- iil c L^ jc^- 
((^IjJJl )) ^llaP 0| c Jliii • L-*^l aJ JU J-L-> ^aJ-I 

^jAj cA-^U ^jA la j c (( JLjajJl )) aSv^. 4^11 Lg-$l t Aj ^JjJl 

. S' J^J gj AjIS J . A-jL« jJ (_£ ^a-1 A-^Ij 

U OwXS^ ajL>tl1^m.II oJjfc C— ^ L*oL>tjJ Li J*.~.m\ JLflJ 

L J^.j a^JL>- o Jj aSs <^.*.11 /^xj ^ i cjL L>t.i*^11 ^-Lp L>^ I *-Xa- I 

^y» A-j»>*jJl o^jLiJl ^ LfcljJL>-j Urlj tCaLl jJ-1 ^j^P jj 

<* . . 

AjI>-^I Otl>- JLiJ . Aj-i^jj^aJl AjTJLiJl AL-Jl ^ j tLjajI (j^j jl £cJjL 
. Aj^wLaJl Q> I^n-aIo ca*l^ 0^i>» 375 La ^- o-P j j->*_va 

Ajj-* ^jLjjLiSj t JLl! j c l!> L15" c, (3 jJLk-oJJ Li-M^jjj 

^Ja ol L-bPj .Xij • L^-***^ LoJLp Lo_^I L ^_> \ la pI 
caJL^JI oJ^>dll ojUJl J* (Nunavut Territory) ^ j^i J* 
. JLa ( J-ojJL) Li ^_^-Lo-^ jJ& c *Jul AiSl) 

j c-3jyiil tO ^iL j-Jl ^ Lia y>xj\ Jjl3 

Jjbl aJiL j^I ^Lro^f c(lnuit Qaujimajatuqangit Katimajiit) ^L 
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JLLPb 



1 Oi 1 ^Jl lJUtfi' 0^‘ 

( ^ 

1 * - ^ ^ j „ * *,rt fl ' 1 .!JJ?NjC L^hJlp twl jCflJ ^ Jj {_ ^ -u*^l 1-1 g > 

_J ludJ^ 1 Lt*w''W^“ a jj^J'Lj)^'-- ! J%j9 Lj (J ~m~i~ i 1 1 4] 4 l * i ~^i fkl l $ J. - l a fr£ 

— J fcSj^V' tijo-1 Jj^ . (Tiktaalik) t(Siksagiaq) 

i_^tl?i Lfeljw u V S, * SjJL i j^l>lJl jJr J-j i *jA L*J 1 1 b. j ! 

AjJutlli ulAl 4^4^)) i jj& 

JUj s jlp ^ ^JLJU^hj c^JLf JLiJ 

^jjjLaJI i^JJ j ^ Lx. t2006 ^Lp Jj^hI ^ j L^p L>^U4 ^ 
lJUk l.fljg a\ JUi^ * jjClj Ayww jJi 

J .BAjJ) OjL*il ^ c£' J** 




TfTKAPOD 



ruihnjd 
ei« on Iqp 







-'jj/ if j* /JJLJrLdl . J£ £-i> fjj£jJl 

t ti^jLJl ^ jJjf^ ^|JLj *j 





oL* Jl 
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^ ojUJl oJufc ^ *IaJ~ ^Japl cJli" cj, 4>^JL 4Jli t jjJi 

C^jjj J^cil J^Jju a<J } j\ c4^ojL^ 4j j J j l^O J 15" ^ ^ 4j J J ^^P 

^ jJJi jlSJ . <J j j^xJVI oU jJiLi ol^liJlj 

• ^ c4jUaJ-l 

jt 4jUkJ“l ^ ^JjI <uJL*-« Ll.-J-U t^«*)lp^l £t*>cjaJl ^ 

‘/2 * ^ i jjr t_*^>-l ^ll ^_S\j>tj l1~o-5j . L^jL^I j 4jL>tT^,II .1>*I 

jiJJ '>^4 c(Nathaniel) jLjUU Jl dUl^bU 

* , 

tLij ^jJL*Jlj ajuj jl 4^ixil il jJL^ oir Ai! . jjLSi ^jp 
L-LcP ^jol L^j l j c ^ <-Lj>- lIj I^jl^-JI Lal^S/l^ 

CO^Li-l jl j~Ll jL**l j c4jL>tT.^. 1I JUjJl < igall ^ 

U-L-si IS** L^jI tJ^S/l l — 3j . La^AjiiipI L« J ^>- 

# * - * ^ m t 

IgJl t-^Url clJUfc o^liipl L^ ^p 4_L< a AjCLw* I L*jllpj ,ljjl?Li jl 



jUJj c ^IpS/I jL-P^ W >m 4 ^wlj L^-J 4-^L>c-..wJl jl c ^ IS" 

JL>-S/ jJbb 4 JQ 2 JI ^jZJu I A> . Ljajl 

? ( 

LgJj c lj>-Lo-jr c.. *~»1 l$Jl cV cV C(J j-Sj Cjt-jj -bl jryt^l jJl t-^^AJail 

Lc.j)) | t-^^AJiiil A>-l LfcJbuj . i_Jl> Ipj^ L-P-il L^i jSf 

A>»j^ jjJL^Jl t$JL^ ^Jl aU .((L. joVI cJl^ 

.LgJjjj ^ C^>- cl*A^r 

jl . ^JL p IJl^-L* i^Ljb j Li c U Uc^. La^j L*l 

^! ^ 1 - — * «lM Qi .^S/l ^jP J 2-43 V 4^s ^ .^> II oAa 

^ * 

J,^li L* yb oJla cJ-^3 jJl Ail?- jp ju^Jl jlj . Li2jl Lu 
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jiiJL-b -Si i JjV^ 



. JUjJl v J a ill ^ vl^JJ **Ju 

L LaIjIjj a^aamJI dJub 0 -XS^ c „ d : s 

jjjlp J *>* <o U^>3 

iUJJ 4-aJ^wJL-l t^QfljJl 2Lp j_a^ LgJ 

LI , Ljaj <*** j Ji t ^ 01 ^ j> J5* 0 Li 

0jv*L WvJjJl 1-L> J * Lbf J jr>iJi> J uV - Q§ 

» jpi-- L^_»3 Lf. ij'j'l^-AiJl j 1 f ^C^LLjkJI 4j juj ib^ij L 

^ ^LkmJl w »^i JLS-iZj 4*-^ ^_lf 01 ,j^v. iJ _j>**Jt 01 

.liUb&dlS' Sx<w 




jJUO-b 
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c^jywajcJJ IgjLL* %Ju^ JjLpI 01 ^U^-C 
^ ^>r jJLj i q » : *^- CjU>_oJ| c lil5v_Jfc> j j^4 (_£ _y>“Sfblj>-Snj 

bU £ t,. . - Q Lb*j^)lJ /^-4 ^ j^T t_J^ ^ L><-1«.*0 1 oJUk 01 _ a b ^ S’* ^J^l 

l5 -Oj:^JJI <jJLJlj ^(African Hominids) yVI OL-JVI <JtL*£ 
.(Lucy) ^ ji> (Australopithecus afarensis) O^r j 

,I*A^* flj jIsJLa <Zj Lj lAb" LbxJjlj ^ JiJ^ ''^r ^ ji VjJ ol 
.i^Lo^LS" L>ojliJ Luj j J!> cOJLJL^Jt 4 j j jj 

luSO: pJai* A»j (^JJl c^IIaJI 01 ?bj oIi^JUj (^OJl b 

c o I j L> t-T...M.i I ^0 jjL> SoLjl 4 JL Jj>- 4jb jj ^4 o^LLi^Vl 
oJLfc jSH £-b* j ^g->T ./a 1 1 ^4 4jili>tl.i oUJaJl ^3 £~jij 

c0j1a? 0 Lj cj Ij L>x-Ia^s>» cJ&Lj^Tl ^3 * *^T) 01 /jSCx olj.::}l 

tbJb-b b j- 4 0 ^jLj j .SL^I ^cjjLJ ^ 

^ 11 ) 01 \jJ A ji jjb tOVI ^ >- 0 ^Sb! ^1 bj . Lu>^Jajj ^jA 

Ojj .(DNA) <S^y^ (j^-obO & J* Cf J^b b>o jU 



Jj5^b <Lb*- Jb" J* £_JL Lclj c^L*Jl j j->w 2 ^ ^-JL V lb* b^b 

tbis^ai ‘obJO j c cjIj ^-4 *>15" .Lob-^-l 

.Lob-^0 j^o A^aij 





^jU)l 

J* J yai-\ 



. tall jy^~ jj-^ 0 i ^J^ >rT^I, l 01 

t f ^ £ 

^j^wIj ^ jIj C— jlj (. OwIp Lg_> ^ ., raa: .A> 4$ ^p ^ <iljl 

* <? 

O \ jt+S* j j ucj $4JL OJ-taj (J P 1 J *4 P J cAjLI? aJLI? 

. d Jj JjiO ^A^.j^-I Oj^O 

C-^3 c A j 0 ^3 g£ jJlu |V^>r <j il« 

2j 0 ^ Cdiji-oJ L* j J^a > SjjL^jT. j3j J . ^_>^JLj 



/^Svj jl ^Ip ^ (J, <0^ JJ*-^ <Jj£-~* <-j-T> J 

4±Jr\ bjjj ulkaJl Ujf fcj- .i jX\ dJULJ JlSuftl ^ 



LS" JuoJ . c. *5 jj ^JlSI c jJLiJlj ^^OaJJ SIpjl* ^ C(J,jSfl 0 

A>tiflj Lu>j $ jJUaJl 0^ 

t» 

Ij^j\p*pO »nM.i.il I wL»J ^ , 41^3 L^~ 1 ^U > «i4 ^jj*} LmJ (_f ^ ^aL# 3 

wL^Ll c_- ijJJ ^i c^iajlJ-! ^1 jil ^JL*j Ali*Uc* C-J? 01 JL*-*3 

^Ssjl oIJj .i^llailj AjJjl J^>-ljJl i'jA JlLi-l jlS"j ca!?jwj Ll«^ 1*-Up 
4jlm2j O j-«J uJLmJJ LgJL* AjJJIj 0 L« AjJjI 4jJr^ 0^ 

C0^»Li jJl 'll jji 01 olJb j .^^kJlj jJUflJl f-LjapI ^Jn LlS** L o 

^IAj djO^-l lIJUL 0-»J jP >-^5^ c aJL?-I jJl tLjapVl C^jIj 0^ 3m 




dJLL^b 
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ol>-l jJr Lj caJjlII ^j o^oJ JjLS .SjcL) ^JlL 

aIS* dJJi olS"' J-i!j . <l,.m..i J\ g-l JapVt j» lo * 4 c,. a 1» > j 

f * t * 

. Ll>«J b^JLp^ < t^\ ^j bJl 

L ~ I LaJLlP ^liLlijlJ Aj**j ^il Okijb i " - aL J taAjti 

t— il c J-v^Liil (jji c—lS" IoJ-j j — J^>- ^LtJl Jjj( c — 'S 

\ jc £ cJlT oVUiJl c.i^t - J jSfl S^JJ yli*Vlj t^UVl 

jl5" AiJ cLo -^57 jl ol! oJLa |I . Aw?lil aJULaJI J^->* 

* * 

, Lgj *Jl)I viJUL ^JL>t_Iw clj^pio LiSlS" Lo-J iJlfc 

LaJLaJL)!^ I i * /? L^y I C L^sJk I I i-XA ^x_ 1 toL^c-d^ 

jJJLu ^Lj jl iljJ jlj C-uS" c^iaj>JJi v^JUJ J . JwP 

L» ^/Jj c(_£ ^>-1 s-Liaplj cojl jilj LL-sw c. JLSJ ,HJr\ 

?0jl jA Ajjj JJP jl ^/-C (^jLJl J jixil y»Vl 

C4jL>-^[I (jt V ?Aj^pio L^Jbc>«J ^jjl t JLJIj j-A jji-l j>V^ jA L» 

jj 5 Llj A-j jA JUaji aL^j JlJ| 0^ tL» (_£ jlu>ut JLlp 

Jjc^j tf-UJlj ^1 p LjJjJj 0J '^jy**-* ^ C^*- cLjIjl! 

l_jL/ 3 pSf ^ 0 Jbmil 4P o>i»fc -XlC LjjL^$l 

.aj j^aJl a*p j 



4 +,&\ ji »X^ii (_^ j) L 4«Jjp {^jl»^aj L. J ,1 01 

(w-P^ .Ajiil^ O^LjiP £J # jl C-XJi Aj>-I J aJj cA^L^j^fl 0 /Jl 

^lp ^UaP Clwj cO*>LiaP ^P L-i :^]ju 

r UiP AJU JiSlI ^ f .flail J^b o^jjj t^lwL. JiSn 
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4-JaJtJl Jp J J-nAaJI 



o* ^ j-^ CLi> U . ^» 4 ^ij j*i . L g -sAwj l5 1p i] ^>o 

LoJ^j SJajjSfl ^ Jli j 4 3^»U»S^ ^ Lj? l-L-> tOVLa*J| 

\S\j^£i\ y** > /3~) C~>\£ j^-\ 1 *3 **+> \ • j-yu 

. o jo x^a 4>-L«w4 ^ JL* oJl£- pIj^-I laic* 
Jj-4 (;LoJL*Jl Jjbil ai cLjJbl ^ <LJL*J^[lj CwLicJl Ai^bJl jlj 
tjjlJl ^aJb^w>VI ^l^rl 4 1822 .^JjjI? ^»j 

.jjaJl ^jjOuJ ajLS* (Sir Charles Bell) jJjLiJ 

l ^ I* & yA ^ c L^ aJT^ cJlJ|)) i a 15^ !aj& ^JLp VL <j ! jjlp LIS"^ 

o->L" Lg->Sf ^((LJL*)) aJl i S’ y OlS* c.^JJ 4^jJb .((^-*-4 ^o> 

4^>- jJ , C^ o p AjJj 1 wt^Lj LjT, ^ ^ ^ 0w\j2jl>* 

. j^«A4 0 jl VI |» *> ».^ll jL^Jl I JL^J V CO jJi 

Sir Ritchard) ^Ip 015* aij 

J^-b ^JVl <-~~j _/Jt y^ LI* *LJL*il oli a^l c(Owen 

j j-i!l Ja^ljl ^ ^ILp jV $Lk? jlS" ai J .^L^»rSfl 

^ , 

^jwJ cHj? oajJi^ ^ i ^jl iJLa L*^ Ljllp c^ap 
^ ** 1 LS"* j . 0>3l ^j-4 o a...»., ll ^ ^ o^ j>r I ^ d * a * I 

IiAjCLa jjl oi>j ccy jjJl J-3 y ^Js .t:C^J Cr 4 
^_Jw? J . j Jl Lj-flj yl? AjjJl oii jl>tll ^yA AP 

ai j . >^jJl Li ^1 iiLi^i^l o^V->- jj c^i>- *)L j j_p Jjl L^J 

yA aja^ ^jJ c((Dinosaur)) jj^L»aJl ^1 LJL--j ^ 
^JL>c-Ll oJL^j Ai^xi** ai ^ . I J^r\ j ^ L^L-tsifTI ^ 
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0 t c 

yj' y A A U?lcl Lb JjLS \ Ls^>L>- 0 jw2J O ^xJl 0 Jj 

. (jj I ^ j-LlU Aj 

c— ^ is ^>o LulJil j cLjJblj cLbrjfj clipjil jl ^jjjl <ls£\ 

g 11 \ Is C ijLifc jl 441*3 £jj<JLi)l tLoJj P 43 jfr U (Jjlj t-Lil . ifljT 
^3 (jLzijIj ^LpI 4 p * jL*u^/l £^lj«-U Ia.*Jl 

^Jl JL LP 0 jOLviS ^liip AP^a-57^ c 4*^»L«^[I £^ljiiJl 

Jj>T ^II ^ fUajJl JaJT jl .^L^Vl J^n-JJj L /-^ ^ 

^liiP^ c i jl Ta L 4^oifl p I la ^ ill l*b^J l-b^- 4 j Lis^» 4j^JjJl 

4yaiajtll J^fL^Jl lijfc 4j jLoJT.j .^jU^i 

0 0 1 

. l^IaP LiLLlS"! (3^" CjItjJl ^ 

J^Lf" (/ ^’js* 21 * J*^ u LS^ g* oo' (^ 

4 JLJL. j JL*j Lo~J aJ jCj CoJ->-j L. jj . 4jili£ 4*. a I?*Jl 

4jJis^til oli jJL^til AJLii^l oLjjLiJ y> col-Ll>*ilj oljvsL>«il 

Oj15*1 f\ y*» 4L-il ^IsVl C-**L oli jl?LLl £L**qJ>c 3 . jL*U^lj ^ol A JaJlS" 

4-oiaP : 4 v^j IgJ Jbl ^1 4>bL>-l <— 31 jJJu 

0 

^y^JajJ L* jJSJj y (^ £^ljiJl <J> 4jXjfljJl oJj>-Ij 

IJla jj .^L^sSfL y.^»> ^l)lj 40jOLvtaJl ^Uaxlt jJ L J L ^ j 
(iijwLj ol C-'Ji jl lili . l <— il ^isSf^ 4 jjLojc« Ja-«jJl 

^_i ?oL^>- ^*Uj? wb ^Jjt <ii jis ^jL^Vl ;^La>- ^li>* 

liL«j ,4*>-jliLl JLpIjj jJl ^jLs^V^ aJLIsJj 

i» 

. Lj-l- wbJjJl cj^r y ^UaP aJUsLj J-^rj ^ 
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l? Ip J 



Human Arm 




humerus 



ulna 



radius 





theropod dinosaur 



wrist bones 
and digits 




pterosaur 




lizard 




j bat 



penguin 




°Vnc3 & 1X3 a 00 






o°C3 






humpback whale 



4P^o_s^ ^ L gp La coJ^~!j ; Lfju ^. j >- */ jJjZJtdf 

ji co jJu^aJi lZ*>Lo j k dl 





(iJLU-b oL^_Jl 
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^ Cj*"* 4, --' , Lj^J 1 L/y. VI oi 

joci) ^y> jjl ^JLpj # £_>L^Vlj CQjot ygll oLo-Jajtil ^JbPj t^ll?»ll 
^ ^h»/a dtll iala^til I JlA jl j~Lj clJM ^ i?Vl AjjtiJ La ^ (_£jJLLl 

.LJbLjJ 

L» Jjj»J c l. 4 jI Jj t_ 3 l jI?V^ ,t « ^ «/? ) Aj j j 15 " t^jV JLj 

AJIw*j>- ^ j^l LaJLp ^31 jJl C(^ jJLflJl ^ ^LoJ>wJ^I jJij 

* t * f 

L^L-I l ^ . ^ ./g" jj . Ajli j- 4 Vi Jb>rj caI^IS^ I AjjLe*x-a 

* 

tOL-Mj^flj a .,^3 )l 01 . Lt*^>- C^LI^ji-l JS'L-to ^ 

t JxoJl 0J-J3 OLTj .L» \a£ y* olp j-L> (_£ c.. *»«.J L^JU-oJ^ j 

.<jJULl Ialai£ t^jV V~;iL 



J ^>0) AjS^V^Jl Ai^lj.3 ^ 4jlk^*>La jl jIpI jl Jbu 

^ t(( (O n the Nature of Limbs) lJI ^V l 
0L*o^l t^^LiiLi ^Ll>- l _ ■ ■ - ^ 3 . L^J LLJ L>x^*/3 

coL-J^I A^wuOj . JL>-1j olLw U^J jl j-4> c^U^iJ JxojjL 

. l-31 Jb\ aJ Jifj t^o U - Lal l J^rjij J^rjlj tjJaJl ^-Ll^j 

c * t * 

^jl jjta Aj ^ laJLi *2 ^laJ j V 0V L^L^I illiA 0J 

jl J3f jt LOxx ^ULj , aLL ol*5 y JgLu^L LJ 

. Lb lJM O j.3 oli jli£- ^ Aja .LfT ^Jj t J5 j^j ^ jL aJ \a\a£ - 

J^Uj i^L^Vi ^ ?JjI >V i iai p>- ^ Jii J 

. I ^ 6 > l p J 
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Ajjj 



^'^Sfi J uy Oijj'^j Cf-) s <yj <J a^ 5 ^' 

jJjaJ ,l-JM .iM ^ 1 t^Jfu\S'j ^jyi A**£ ,ijj>». 

^ . 4ji-LP jil CjL^bjj ^jA L— iuLpJ |» 1 2AA O^^JLi ^jliJ-| 

LuU ^ y^\ ^y\S (j\ lJI Jh\ J> ^JL>- ^ j i\x^ (j\ Uil Jb\ 

) ^AjiiPjJl d*> aJIjIj ** j . o JLa 



i]Lw>Sfl |» k» * ^ ^ : ! jL<U cS^ -^r ji 

Ojocs^Jl ^UajtJl ^jA AP^o3~- OLl^i I a.P oJL>-l^ iiiP^ 
^IpI ^ wLjuJl tl^jJLPli ^ 4 jL oJL?-lj A^l?P LgJ 1 g * .4* v l_JM 

j J -j c a 5 A ^' J^N^' ^b • b' ^ 

.l^JL^b jl ^tlsLP £jjl ^Ip 4uiiPjJl oJplii ;LlC liil^ 



^i-P <w c^uXP 0 ^aJI Ja^ljl ^3 s-LoJLp l~b 

^ll*J k g Lt lf T l l)LS" La^/j 1 . A-u ^L^-l oljliil <Lj jp A-^“ ^Lo^t 



(. a_oLp 4j^b>-ors5" cj Ju wbil . I^j j>al t, ) y^ b ^ Cjllt 

£j-T^ 

<S y^~ 17“^^ ijLjb c—lLS" cL$J y^>- (_il>- ^-^Jj c t_j»— 5 »l y>*j 



■_ a ■* ' ^>- ij^i?»uttJ i OLS" .oUj aj j_o <upjI 

dUi 1 j*-^- 3 ^ ^>- t -bwLi JLjjLj 0 j^A t sl !x il . cj 



. (Lepidosiren paradoxa) <Jl£I yL| 

Ui jil Ij j L^J ^w2j l Jjtj ^ 

0 jjaSbij^il <— . 1^ Mj t4j oli ^ j t LJl^-^b 




tiJUU-b 
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yfc ^>La y J±4 tlxJLp wb ^ j Jjj .yj jV Owb»-l j jyi 

(Carl Gegenbaur) jL>^ J jlS" ^ILpj c (Thomas Huxley) 

.ilLo-^Sfl *A^lj cOLjL*jJ| J->- I <ju 4j ^jl oli iiLo-^Sfl ot 



a>lg)l oJuJJ J yL>dl LaJj^j Jij 

(jl .jJLjJl ^^1 p ^JLj yt Jl iiLc^Sfl la <> ;1 jlS^j 

, L^j*Xp 15 Owi«>-l^ A a la P IgJ Aj 1 t^.JuLp^ 

l-Lplji ^ip-l Oj Aijliil pLoJL*i A-_^mjJLl9 

c Aj-bjajJl coJb>-l jJl A ft. la jc! I ^JJj j coJL>-lj 4ft la P ^i_p ys^j 
C-. *»*! C Aj J-jaP A.ft laP LgJ aS\-o_^ Lj jJ c Aj Jt\ iJU^I ^ j . llil^L 

^A3^l vfl 4 0 wbfc . Aj^ LgJ Lgjl 4A^ft_*-u AjI 

l) yiJl ^ li j jJt4 aJ-I y^La^Vl oJUb y4 jJ-S" L»JUPj 

il)l l ^ .y^l j»X *,<a 4 y4 j^Jaj yjl yt)l cZj1<Aj Cy£*P 

. AJT JL3 .iiLft-^1 y4 aJ^SH i ** ^ ■» 1 JU3 

^Ijy^-yLj ^wj 1_P yi?ly*> y4 dJpL>- ilJ I j la>t-l..^.l \ ^Jyl (_ £wL>-l 

U y^p J^aj j jxy? y* 4 (Quebec) ^ (Gaspe Peninsula) 

yfe A la a! l ,_ - • -i^ L-y-l A-ftJ^Jl O : Iap| «A5^ . ^Ip Oyl-4 380 
(J tutowb. iaJb^ AiCft^Jl oi^J jlS"j . (Eusthenopteron) OjjP. y^y 
. tolJL» jJl y* JS" ^ Ljijj jj^-C coLo^Jl y* 

~yCft laP~o j Aft laP y ft .,/atil u3l jJa^U yjj! iala£ y-ft-Ja /yj 



oJL>-lj A-oJaP (J jl>«I.I Ui-jJ jlS" 4 0 ja * >,all ^y# APyo^sf 

LgjJtJ jlS" iiLo-^Sfl ^y 2 ^. oji cviJLUi .AjLpJ ^ c^ ^uJa- Pj 
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A ./a .dll ^Lp J IjjLiJl 



(Jj\^A\ ^Xj ^ ^ <Oj*r^il ^JJL 4 -JUj ( S\J 

* * * 

jis"j t^jjU oir jlsj . la^l oLJ-i £ja \jJu>jvj LgJj tj^jV 

#> 

La j-o^P ^Lj j ^ b^>"J-* £tJjUl jJJi 

L 4 U ^ ^ y>~\ j3 JJjJI Ij-A j\ . ^Lp 0 j*1j» 360 j b^b-* 390 3y. La 
^U^Sfl J j-s^l Jb- jl >0 . LaL£ oJjJ»>* 4j>o oJLl>-L l-b Jj>7 LJj?xj 

^3 La bl^-a ^ 

.^j^iotll j jA Jl y oL^jdU*Jl ^ JS\ ol>- LLa jy>^]\ o-Jl>* 

Gunnar) ^ J j& ^iLJl lS-L j~-J' (lL*Jl J ^>- Oli 

J^-LJl e^LJbxi^V £aj jb- 4^> y (Save-Soderbergh 

* 

4tfb:ll ebb JbJ . c^bL>v:.^ll b>tj (Greenland) •U*>Ll> j aJ 
/j-a <*JjLa oL^jb j+.^Ti L^-il iijjt t^J j-^4 

c oLL>ilJkl c-bbo^P ^j-a Ijlbj jlS" J-fiJ . O Jjij jjl j 

aJLj>“ (J^b- *. & .t.:5Tl wAJLs c3bLl?^n ls^" ^ b^Lo*-*j ^jjJl 

(^33 oLlilj CO ^>- <LaLi^Lb ^ j^j 4_aLA C^Lbtlw^a OjwiiJl 4. : ;^Il 
^ s»— »»»u ^jL-U <Us**J ^ba3 t Jabl c, j^J) . J-^LalU 

0*>b- ^Jl .(^LJLSo-^VI 4j*)b*- jJ J-AJlLI ^bjJl JLxj c ^Swa J^P 

La JJj ^ b^Lbl c 1 934 j 1929 ^*Lp ^y ^Utbe^V' 

^ obwaJl Jjj . o:> jiill 4.^J ^Jl ISlJ-lj C-J jJl bJJi ^ 

L^-La o J^>WJ J cL^I^o-fcl y> JJLaJLj j J j ^>til ^15 c3Li<lS"l jlljjl c-b^jt 
; Lb- 4y L«*> c^ljbx.iwi.1 0-3 LT jl 2J . 4y jj ^SOl 
Lf! jl5" ijJJi j^P j ciJL-^Vl Jji^j t,_ f$$_f ‘l/'JJJ ^ 
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Acanthostega 



(Zebrafish ) JjjJl ^ — f — iSL^tyi ^ &*+ j 
-L;J-kJ}j t &!£■ J-^ ^ ZJ-f LLzfi^j* jJS ( im j^ r ^) 
jS' f^L// JL>- VjJl JlU^f . a-L c-ULfi JL& fUi/JI 

* * ~‘J ~~ — * ^ 1 Ja f j-Jjf 1# (^J 

t «> yj*' - j *_ C 4 j Jaj (Ja^ij) 

„ LaIo^i / ^X// ^XX |^ / <r ^lla# 

jj jiL^jjyi zSjZjs (^JjLm^i ^) Li+^jZJis^i 

,'jSl^xJt -iX£5* £jU&( ULjfJ £ j* £ IjjJl + }&£ A -fl- -•; 
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4 Ja.all J j-aJ-I J-fljiJl 



ol jJb 4^10 cJlS" ol c(^jU^V^ £-*) fU J^v-JUj c_3l 

aJLwsJ ^li j-*x j . Jj-1*-a ^p 0LJL4 jJl 

SJb*lj Lo-^i cjljUti^J.1 c(Eric Jarvik) dlij^r dL jl 



j^L) odl^sjl 0 jjfc. ^4 



Ichthyostega) y» 

* 

,<u^UaJ Uj^cJ Ksoderbeghi 

LgJl (j^ju a^j>- Jju 

V L^jI VJ j f k* ** ^ 



• OiW jj c^JL* J- ^ >Vl J-vsd J 

La^XjJP 44.1i^-*5dl^ ^jA \ (jb ^1 y>-l l 3 ^b& l)15T 



.di!i ^ 3 jip Jbu aJLJL>- *kf <u^J 4<UP J-^ jipl 

C 1988 flp (_5* ;> “ JJij ^ ^ l ~ ^ ^ Sfl ji ^J,li)l (ji iJLfc 



c (Jenny Clack) iJ*>^ oLi'Ur^II aILp l5 lL»J c—»li L®-Up 
j-*» (du-» ^51 (J^l ^ ^>- jjL 4 J-m2LaJ| 4jl jj ^ L&daJj ^Jl 
L>t^l^ ^ijisl (_£ JJl 4 (j jJL>dl I JtA . 4 jL)L>tT^ 4 I JjJ_* 

j ^l!l oL^i-dl ^ (Acanthostega gunnari) l£ j^j^ 
£-* 4^aU 4_3l (j^l eJi-JuS" 4^jujp t ^Lud ^ip 

* ^ * > f 

O^J>rJ . 4 . JL a > “ oL>- LLa 4 jc* bajl <u5sjj . ^ry» Jjj Jj £->Lv^ 

4dibS" L> yU 4 AjLlPj IgJ jlS" 4_3l ^L>Vl 01 LS^ 

olJl jlpL-J ^oLlo c_3i jb\ jjl (jl Idfc LjJ Jiij . 4.o. tf aJ' 



/^SsJj 4^Lfc ^JLij 4 j lip, cd LS" aJ^V^ o Jla . ^iJLl ^ip V 4^-L-dl ^l p 

4 ( J^.di)l sULalS" jijlS^U jlS" ,4jSs_Jiw« i]Lj& c-j>^ 




»iJJLpb .01 
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li jl? L> r y . jl) IS^SU . A-AlP J Oj^j C 

* f * * 

^yp Ou^cJl ^j-Sj 01 tOL"j 0^>* aJ jS" ^s* J\ 

L* l-b*j .y^jJl i^ J*^ jy-^i J^lSsJlj t£**» j>^3 t^lJiSflj 

. 1995 fU JU-I aJp 

lgJL*> jj A^4-. Jl £}L^I 



IJAp Jj d995 fU- ^ (Ted Daeschler) JJj OJfT 

Ja-^j LgJLS" (j ^kJl ^ ojL^Jl o^Li JLxj Lita^Li Ji Oy^« J,1 0V1 
^*la q a ljJl5*rj ,oJUJl>- Jj ^0?LL« aJjL^ ^ lOldJL-y 

c (Williamsport) Oj y-^LLj JU-i 15 Jj ^O l l5 1p Jj ^ 
^ ^jjbb ^ y*r frOioL LJ LLL^jj ^ jil ojljj C— «L5 c,-«>- 

aJIS" yJl IS # 4-Lwij OyO-* 365 La ^-q^p ^JL ^ill c <ul« ^il j y>r ll 

<wJU*r (> _ 5 ]p' wb**>LiO y-* 0*1 jfi COT y j C(^£ y^wajl <w3^-l 

<_Jaj j j 0 ^ Lj yb lg_L* JjJjJI jLS" ^l!l Jj ^ laJl 



^i,>.n . lb l -j L .. . ^. L 1 ‘i, * -i.^*. * 1 1 arj!^ jJlL oJ IS" jloJ .yJLv* 

*■ _ -1^7 01 L^y oJLlj*] ^0 jol*-» 0) Lk**>l j >- ^JLp y^*l i ^ , LJ 



(^yo azijI O^U*7 c -L j Jyi LJ j-.'* j Jjlp j . LaL*5L$ La> l g Qaju 
LoP tLgyl aj j $LJ l AjaS^lj lOjl-* £0^ Lfc j-o^pj (Daisy) 

,oUJL>7J 

AAJLPj 01 oL>*3 LS^j^I L5^ od-fc taX^-1 j ^ 
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3 J’a ■ a ll J 




^// ^/jb*_^/ ^r .AljjjJit <LjJf oJL* Yj Jjf jl Ut 0 jj* tljJbtll L&L&J 
t (Scott Rawlins) J~Jj j ^ Oi m YI d^f *i*j iJuidl 

.i-jJjJil JfiLidf ^ S jj-aJl * (Arcadia University) 

f ^ Uli L^J l ^ j 1 jLa jij „ o ^ ^ - ^ > 

jLf il 44 j jIp — ! 4jLp j JJlL : ^ ilM Li jpU^j 

^ ^UwiV^ .Lgl^-b ^UajJl JjwA^Jl ^Jlp Ljp! 

iJU*j ^ 4jl jl ^ 

j* Jf— J>U OLS* w> yf .ay- JjSf Lfl-^P t^jr Jai L$J 




dllPb 
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JlS"j -Oh aL^x* c-blS" 4 ^ oJu& .oJ^-lj 4-oJaP 



oJUfc C^wLj wli^ 4 j j ./a P ^llaP ^j,Lqj ^ jL>0J 4jLpjJ| ^ 

A "" 

.^jU^i l^j *r ^^>-i ^LjlL! 

^ C tw-4-*^ ^ ^ C d«J L^-^-^Jl 4«LalS" AS' 6«\jb LlZAlPjJ Ol»S" 



^^Ip cJ^b ^1-^aP i^JUla lI— > IS" c^-^"* - ^ ca^^^OI i^^^ai^S" c_3— S" 

US" L* 01 • ^ j j*-* 4jLpj laJLs LjjJ 015" cJajiO $. j-wJ ,((^^vL5)) l_3 
AjOIS" LaL-J>-l 4JL» 0 J 01 li^iT OlSLa ^L>ol jJfc c4»J| A>“L>*j 
bb^l ^ Ijbl LjJpLwi-j 0' oJj>“)j 4jLpjJ ^J^SsJT. V 

jlS" ^ ASJLS' j ^ *\j>tS-‘.*<J ^^JU*e-Ll 1 -La 015" ^1 I^JLJL^-I 4.U..»^/1 ^jS 

4jL>-^| 0} ^UJL^bLaj L^llaP J-cJL) Lo5" J-cJU J-v^LOoj C^UaP a5*L<wJJ 
. SjOlS" 4-^oJip JS"L* V) ^LS 01 ^^SuX V 4 jLl>;V| oJUfc jP 

J 5 * , . 

. Lj ^5j djl jj_^» jOp Qu> t-J 01 LJp 015" c '—3 LiuiffV! 1 jbwwjJL j 
OUjI oJLta sJj.^1 Jjl 015" .aJI jiiij US" U» ijj^l ^ jy ^ b 
c-j jj j (Fred Mullison) 0 j— JU» ~b y coljL>*i~il ^ j-- 
$0b^Vl ^>lj^l Ojjva^l .(Bob Masek) dX~* U» 



.IgJL^b oljl>ci^il c3UuiS"1j ( JiLl {J* U^Uj^-j ^01 C j jJ>wv^Jl 

^ i ~ j 1 ^ i . ^ ^2 01 cl j ^ 1 U l^cJio«5l o (3 *o 01 (O^^* 

c^ U^ aU.^.^* 4/..P 1 1 ■ ^ 5* c^ U U c- 



^UdJ ^LlSs^VI aJLoJ-I j j^waJl ( j-* aJ* 5 U Ll*-o^>* 

0 

jj^4 Jl c^Udl 4^i?“ Lj JD L^j. 4 o-b>-lj JS" c20(M 
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4..^a ■ all ^JLp <J ‘ Z 3 A ^ 



<J* 01 jy- <J* Lfj^ ^ o J^lj JSj . jy’jlJ ^ AJ jiuJl 

COL^ AJUPj CO yiJO ^ ^ Aj A>-J c£-i)l ciUi ! A> t W , ... a ^j»\ j 

Ll<»Jj . aJLJ-I y* y ^~ Sfl ^ ^ \-b\ lqJls£ \ 4jJlj Adpj 

J^v .tt.M.;.! 4 -<>.Jl^ 4ylS" ° yS jU cJjLH ^ j ^ 

J!^ j*-» . j » 4^i> j^i>tii ^ 

A^y yr.Ad^l c^i>tll ^ 4 JLm2*5^ a-J^pV^ y* *U"^ J - ^ 

Arctic) A^Jg ill IjJLiSl ^ LjL>- ^LLLaj utyrl jJ .^jJl ^ 
cdjLd_» olii>' % >L» J,l 4 iU^^flj c If^- o $y>ry> (Tundra 

0 jjfc £3 _LLj d-J IS" IjJLdJl A>ejlj .A-LJtSl ^Jp LftljlJg J 

. L^raJ ciUv^t ^ yj L5" Ldj c ^ j ^laJl 

^Lli^-wL^^Ur j jj J ^ y 'Sy. A> y 015" 

ft *■ * 

<—> y cA^Ja-flJl yJl o-La> >X>~\ y* j . L* yoj^ a^ju y*j^\ y* 

dUl^JdJL ( j^o Li) 4 ^a-w-J 0 jS 4jaJPj La Ojoty? A^oJiP 

^4 c— *^S\ dij j yJl cQjdt^aJl A^Iaxil A*Iaa)l oJL £> Laj . 

^y ^J-s^_A># jJt> C^jy Cf* J AjLPj 4^oJip AjI yp A_a1i^ AiJJPJ-^ 

dJJb A-<Ji*Jl dJJj l)I <j\ .y y~\ ^li aP £j # jV Ar^-L— a Aj L^JuL^j 

C-JjJ Ojv2J>-\ ^JJl C^-JLaJ| ^ oA-jLf' jJl c p y 

d-jl . J^S\si\ Aj>^j lL)-5aj Ujo**j L# ^gip I Jj>- AJaii^- d-j LS" LJ 



^>-L_Jt Jj ji ^fi-JiS .IJjfc y* ^ j y J Jbu z^a aJLJI a. * L -aJ^ 

jl^il .^JLUI Ijjb ^ AjLalS" AjSJP J — OL-^Sn d->lj^l (JIaaI^L 

^JLp y y£- AjiiP^ii d^j L5^ cA^aLa^yi dJl ^llaP ajL^j -Ajp cLaLc c_ ■ ^L-i^ 




^JLL^b AfCo- Jl 
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LgJ <5Ccw-' — 4~* La V/ 4 ALP ^// ^ L£l£- 



t LfllP <_£ O Lo. b P £j jL> <L/2 ~.a utlij OjI^j . A^b nil lIJUU 

^JLj cA^o~*Jl oJlfc L«L **4 y* 4 jtlaJ ( J- S *?L c 3 ^*^ Ll£" -X£J 

y. Lj-iJ . |*Ip 0 ^JL* 375 L& y^ 
.^jL^SH aJL> ^ ajjj l 5 1 p (jjj^li L 5 " caJLJI j 

jlS' JlSJ . li J& (jg j?~ Sn a^-LJ! y*j t a^Lj y* aJllpj c-JLS" JL£j 
SaJIJj iSLla jlS" ^ Lj^3 caaipj ) 

L*L£j to j\ m * m ?11 ^liajJl y* JjJLjJI tOLloJaP oJl>-ij <uJaP 

(. i .vLll jlfxit u .vliil 03jil ^ Aj ^ iaj CjL-j 

* 

. oL)l y* \j jjfcll? y Ljy. l2-> U jJi£ Li Jj>- J 



i>- yijl 2u5 CJlS" -UJ , cJLZslS'V' JjIJj AjilPjJl i^cjl j^T 

.l^JL*P <Jl£ j t ajLpjJI aiLo L* ^ Ulj t~LJ ^ 

oj-A Jjl>- jl . (JjSH flill ^ «■ <? < > * c-j-io <w.« 

.l$Jli J-v^Lillj ^UajJl h y>r y* aJjL^S/I 

cJ IS" ! UL>- L«L* LlJ^ Lj Jl>- j aaipJ Ll<>j L*Jcs- 
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4 ./a. all J 1 



tcJ^5" 015" . lJL>- JL>- ^ ^J-nAaII ^ *Ja - I 

c^l jjJl Js- \ 'j 5^_pr jll Lfr~i3 f Ua*Jl ^ ajj£* £-jJ tji y j 
o-La 4 -ojIjJU Llo 3 La^llp ^>>^ 31^ 4 *aL*SH ^IjJiJl^ 

0JUL5Ljl jl LiJj^j cLfrOaju ^4 ^LliaJl 45" y>- 4^,^ ^ .. a .) 

* * t 

*bl ^JLp ojjli cJl5" AaJ :UajI aj^Lp 4jLk jJ 4.,^ cJl5" 



.(Push-ups) 

L^^jSfl ^ip ^>>L*a ^J^s-- t o Lil-b Jjj? ^Ji o , T . i UjLiP 

^ # 

. L]^^*A^ 1 J .0 ^^*-51 IjjkA-v^ Cm^^Lm^IP J C 0 L - < Li L a3 jA ^ 

Ijjli ji ^ll 015" .*15" IJia Jjti ^JLp IjjLi OJLJL^LJI JL-^ 015" JLaJ 
4j*-\j JjlA- iftUiiVt ^^Ip Ij-^b 015" J\j cLaj jaS frUiiVI ^JLp 

^ *X j t A *A 1 1 Cm <^^L0aaJ 4a w ^JLj ^JLp ^ Lj . — ^ IawwJ 4^K o. a «0l 

4jaL:llj i ^ ja.aOxJI ^1 Li j&-> Ia-Llp .^JtixJl L^-l* L^jJlI 015" 0JL*3Li^aiJ1 01 



\ j j *t+ $ UwbT j t^ljOJL) \_ ^J \ *s2 ) 1 A La a i .AlP ^j\pl^JiJl ^ io P i " 

JLaJ .4jjJU^aJl aJOiaJI 4j dO 15" (^JiJl Ol^il ^ LjJiij c4JjLa 

.((Oja ^jjj-^-p j jjw2j!j J j jJl )) ^1 p oj^li oJLJLi^mJI cO it 
LJJLpL^j JlS ?1 UA JaJcJaJl ^OaJLj 0* 4^^mk>i i_ - P 

C^ipSfl ^ (Oir^J C<> f lfl *^4 U^Jf .01 <LJL ^ I 5 a 

0L*J ^3 jL>«J^U 43j]ii k-^ipVl ^JLp OAJb^Jl CJl5" 

J Jl ^ c<L>t^aJl oLacLz-Jsl ^ J t*^^l J c JjljJrl 

0 l 5 ^” cJjjLpj 01 . l iUjaJl 

- ^ jf 

i^LjLaJI oJ^Li oj^LloJ J 4^- L>*j ^j 1 ^il Ijl^ 1 




dJUU-b 
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jil 1 -J^ jv-* Gill ti-Lft 0^ 

- >>a T) 4*JL* jp lI-J Lw.^ 1 b-C j ;4 j jp>w^ 3U^ 4_fiU*JaJl *_ . * _ l - djf 

J j.A^- * - : — ; n -w' i a-* ti LflJ l g --*< 

. jpt ArtiLhiW 71 "^ 

4Jb ^*ll flJm U V LgJLS" ^l»Vl aJLfc ^ ^Lju ^ 

tbu*J7 ll-jLgj ^jiXJ JsliJ^ll J-P jf frlil 

jK 

Lpjjj 4 u^j fw-L* ^jLw^ 0 jJU 375 jpA-P t i_j ji ^ -li- ^ oJla ^ ^c-^-^.i 

f * 

juw*' wJ'jLrij L< lL*Jj $jJup ■ ~ - - | 4,1 J-^aj 4 J imhJ lJ L5T l^JajLi ^ „ L* 

j'j^r JJ \*M ^11 tiSl^V' ^-t^i A1 .dUb5w J^sl J^>- 

IfijejX*. Jiti jS- ^ij L$J_j t^l Jil 4*ui Jl J^aj jiJb^jJl 




4J1& j ju^ti . Iqi£i£- jj ^prjj ^LJt^fzIl U-~*4- IS' *- 3 

. t jifi-^ll^i y Jl i jj^ jij fjZ j! Lfj £*y}tj ( l ^k£U i j£f. 
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4.., /a . all l) j a) I 



i T - -^ ^j-^3 . JjJji-l jy* L— *j l -a ^ d — i IS" J . aJL 

?4j:Jii)l JjIjJtI dJut ^ ^L_JL) 
t * 

»4 4^3 OIT 1 jjt jl llU ji 4^3 LklL* ^ 

C4j>s_*/3 Ij 0-ijt tLl-Jl I js*\ d-^ilS"j 

,Uai jl jXjj .*UJ ^7 jl 

, jL*jiJl o ^ >■ *^ t<j 1 L5T 

jl L^-C . LlJ| 4^*dJt-> ^oS'] Ldd> ^1P t— ■ 

. 4^-ohjwJI OwLa i^jl> Lp^jj IgjjbtJ lldl <^i .^T I ^pJ I ^AjbXxll 

c^JUJb ^ jjij L«JdP . Ljj>*i9lj i] J j j^JlpI clj^JJ j*J 

4jLpj ^ Jjl cj j4 Js> c J^Uil cjli 

UL>- V j .o^^>- j_* o jjb ^5 \j ^ c^JJi ( J^jj • 

^jaij coLjJliJl ^1 Sf j-^j oLJLajJI jJJli^LiSl ^j.4 JLSi 3VL> 
^IjjJlj cLi*Jl liplji ^UflAS - ' ^Uip 4 J ^ylS" fJiSI ;~l>- Ij LJ 
0^ .Liajl cjISs^. .1 1 j ^JiJLpJj j>- 4jj cldiS^j bjc^jj t4-^L«Sn 

. (j jJUJt i*i-& 



^UjUlII yA &£• ^J^doJaP 0 J*>- I j 4-oJaP JaJfl^- yj» 4dL^7 JU l L* 

jil>“ C?-!^ c^jL^Ij “ o^JwaJl 

^JjL<a ^Ss-o — -■ . odpLSii OwL?-l^ 4*©JaP L^J C 4 j J\ 



O’ li jj^- ^JllA |t-J C jcJlP oJL>“lj 4*oJaP t_ *dJ jJ l^J OjjyJ ji 
|I , 0 j O ^s ^ 3 ^llfl-P ^ Li ^ P Oi-X^l^ 4 ^ La C C IS* 







64 



J^“ Jj tLlil ^2A3 oJL>-lj A^l-a^ i]LlA 

J* jjj! ol I? c-JtS" -L5J 
ji Lfl-^J J cJaJwaJl ^jU? Oj^li -L5 

0[j J-^r Jj ^ jV jl dJJbSLJl j>» Jj 0 \ 

^Jl cAd ^ J jjl ^UajJl 1:2-* » <J| tLL>-l ^ULaJIU 4-al_^Jl 

o jA j t.i3b^A^[i j\ c ^^a ^ C)L*-j^M l^Jb^o 

*1^1 J jl o| Oh*^- 4 <-^Lla Jj coljsi^P J-3 c^iLp obi ^>* 

380 U ^p j A-L a£L o^- ^ Si _pr LUr j) j LpI j3 ^LpI j-a 

1 jA I ^^LLJ I t, ^ A^S.<fc.«.*>s S ^ LaI_P j ^J-A 

c^jjJb ^jLs^I JjIj .Ll*jL^I Ajlii-L^j tLjiS^j tLJu** ^J jj I 21 JI 

365 ( J-^ C-.^Lp ^ill U>wL*>j jij LS^yi ^JjLa oLJL«jj o <LJL^a_>- 
^3 oJL>-j £+m J\ ^llajJ ^ll)l tljo^j .AO j ^JU 

0 J-L. 25 ^ jisl JJ c-iU- ^9 ^*A3 ^1 cOb-— j| <-L> 

oLi>* i^Ju* ^1 p <oLjLJ LlaIjSIj cLjJlJ ^ . ajo 

. ol?-Ij^J|j oLjL*^JI ^ UL^-Vj ci3Lo-^Sfl ^ 2blJb c^obl 

cLjJUI ^1 Jj>rOl /y> L^Lc ^iJl tA^w-^J j}\ Ol^uJ«-Jl L» /^SsJj 
^Lp 0 ^laJ ^^JLJ ?oV j>tJl oJl^ oLij i^jiS ?tjLL>-j ^Ip 
. oLl^^fl ^ja *. j ^1p J j^a>JJ ^t_3l 
U-aL^jJ ^j-L 5 0^ b-^-C j>“Vl oLjJliJl Jj-btllS" Cf*^ 

^ LjJbl ^lJL>e-L^V aIs^JI AiJg OwLfc ,Lla3jI. a^uJL 
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4 .}a .all (J . fi ll 



ojJLiJl 0 o ^ ^s*J 3^ c aJjL^- Jt 5 * 0 ' LJL>. 

A/siC, A A kc ijSj C^H.i , ^ jiJ j| Ll^JT . iLb^i A-w-jJL i]jj jijAj ^ip 
l—^-wT jJ .(jijil J-v2JJ>» ^ Ajjj^- aIsjJj ^1p jJ~L — 4J — Ow\_>-|j 

J-sI2a]| 4-cJaP AjL^J ^ . AjLL *> - * * * 

Lla J^alll ^c, jj &. Jl ^ ball AjL^j -® ^IpI \Jb 
jjjASj LJ r^a — -o 1 Jl* o j^Jlj ® .o ^—-^LJ ‘lL<^> r o 
jJ .(Supination) t-JUJlj (Pronation) cUjJj 

c^iUL^Ljl ^ .ciJJliSLJlS" oli jl£ ^ ?0jJuLll o Jla oLIju y 
J& ^iSsJl A-_JUj ^ C*~JU le-^lj J^v-J^w) 0 AjL^J 

Lgj jOlff AjlgJ Oj L5" tl^-43 y> i^J^L^AlJl Oj ^ La AiP J-JajtJl 

^ ojJJLil oJLa ^1 p ol;.. w ^ lai j ^il ^1 <L~*JL jl t jjJJ 

A-JUj cA-;uLi>- 0 OjO^Jl AjL^J 7^w2j C.. S>- C ^Jj->-l Jjjl J oLJLajJl 

^jPxj Lj.aJ ^>1 eiAL 

ojJiiJl LlJoaj L>mJj 4-o-^j jl 4 cA^iliLl l_3I J^i\ ^J, I j^l ^ r liJLj 



^LuaJl ^JLt3 ^>-t oLjJu £-* Lgj i3 jULij ®J-^* gr^J ‘yr^ 1 u^ 

.jy-i'Lo. Li'jj Uiil jA JL >«ji tjj>LjL»jJlj tiJLa— «S^ (j^ 

. *< 

uJbjJ ^JL-S* ji I c^Jxll 4jjL>«jr. ^^3 4^Lb 4^o-^Jl oLjfc 

L» i3L^_d i Ljjyj ^Ji^a iiLo-^Vl ^ lJL>- <il>- A^ . 

Lj jiaj lAJ . Ajli ol3rV^ Jj>“ ^1 Liil ^aj L5*J 
wLt^kJL) 1 - » , * > ** ^ 0 J A^K i *»> ^ y>r jll jJilS" Ojotv^ 

Ljl^I jj» j LlS"j IA-j j^^- 1 LoJLj^ . Ajl^ 3 Cxi*^ ^ 
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oJlfc jl~J^I <JLp jj jSlxJl LJaxiI $ jljjjJLj 



i L 0I3L3I ,*lla.P oLT j>- L,jJ ^jyaJi ^>tAl laf jl 

p ^Lp^LS 4^ J:^4 4jjjj ^ ^L/)LS ^LulJilj cbl>-l jS"j 

oli*}L^VI (j-^j . jJJliSCjJlS" oLjI^sJ o^JUxll jJl ^ ^^aJLSl 

# f ■** >» 

^ 03 J^*7 jil jillS" L-jL>- JLlC V Ul?7j! j! .LjJbhtJ j^a Oj^SJl 






JjL**>U Jjlc jl coLjL*^JI jl t^-L 

t^j^l J*4A> ^3 C-^ljOU <— ■ . i m t tl^- ^3 jOtlJl Ijjb 

iJjjjl o j tl*-/4 £>\\ j 4*Jj| Luj? ^>- ^--^1 ^IpIj 

tgjxi ^jJl Lg 4 <lp ^x>«jaJl a w lg c c^^lj cLlo»p 



dr 4 



J,l ^ V-Aj p— *^“l 

* t. * t 

jl LsU- ^ jL*J^I jl JJLSl L^jjU jy LL>- ^l*j 

s» 

<J C-^X' 43 j*u» jl c4jL*-i^l ^3 .V 1 xJg ?4^jJ-l (Jl^Ld jJL>r_!ll j^J ^j^-a 



c3 4jJ_j_d- fl - * O L-u^AJ 4„iLfc>t-^«J 1 J ^_v^S/ 1 



^3 4^uLw*>' 1 ^S'La C 43 j lid I b1jJl3 jj 

jILp tl?7 ^jjidl f-ly>*Vl .4 jtjla31 c-jIS ^ l>tllj t^Lo-^Sn 

^ c JJi Jc*J iS Lo^J C j » l a ^ll 4-L4 tJJ>r { y>^ t Jj j3 

. UjL^r 



dojis' c4^^o»^ij ^ C-jlj ^iJl 4jflL>JJl C^^lii (^1 

( jp' ^LiJl jjLaj o jA JjS/ L^j o-oJ ^Jl 1 4-Laj>xJLJ IS" L* lx c->li 

>_a AC? l, j; - 1^ C(jy jil . jLidVI ij> 

. J>- 1 4-Lwc^P 4ls^ /^p 





eJldl J»uJ1 

ixA\ oUrl 

M *4 * 



J* (JU-iJl iwJaxJl J_jf ^ Uj_j 

-b-i —(Randy Dahn) Ob c5-'- i 'j Ob’ t2004 j-* jJjj 

(Skates) ^ckUil ,_/■ y«Jlj t(Sharks) J* J&\ 2^-f ^Js- ujUi 
L-L51 c-j1j U.j .(Stingrays) c£l J\ di«-“ p-f- ah' 

—(Mermaid’s purses) ajj jJ-' Ak/bijr. yJ 0 J fc* ‘,a O 
Oj^laj t^£. ^ a t J - ^ L*J oJlA Jj>-b 

^Ja$ Jpj ^ jt ^ yi\i ; ./gJ 

oLpLw c^LS^Vl viiL ai^-SH aJLfc oIpLJI oLl® 

c2004 ^Jaidl ousaSI . liL^O JJJl < a >,^gr: ^ Jl*j o 

^ I ^ VLiJ^r ^t-d c^L^Sfl Jl>-L j 0^ 

j^lai ts^~ tci-Ui -Wj .^^2^ 

^jp Ijp Cjlijl J-sIadl cl «/? A 1 A*j ^P 4jL 4jjI>7 j JLj jJ 

Jlj . a^^Ip a ; ^ d ^ L*iL lilp aJ^" 

^iLj cljjJl yAi £>- jj jl LlJL p aJjb j^jL; 
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jjb Ijl a ^ li>- aJI J-uaj L* jl (jl J-*L> L* ^Ip 0 ^JoJ 

* , 

^ ijiwL-ori *.<j jyJi \:.,a n >- sL^Jj trecipeiiaJjJ-' 

yi£- 1 A ■ l j 1 s 0 ^ y^~ * . oJL>-lj A ■ 1 j * 

fi f 

C^LajJUi Liij wLJ| jJLL Jj ,*}Li> Ojo Lv£? Jb ^lp A-jaj j-Jl jJJj 



aA^JL* ^1 LojJL I J-A jl ,oJL>- 



T 






LloJ jJ lit* . aSv o ..^ 4jLpj LjJj ^GaP U jli Lbl j^l Jjl 

AjLLi Pj ^JL*j jJAdj LjJjI ^L*j C 1 AlaX^-l AjjLLC. 



Lo^-Aj ^ L* ** ^ I I ^ y +A 4 t_j I I L) I ^ ^lp 

.^bJJl ^>~L>- ,^I>“ j jjiJl 4-iiPj J,l L»JjI ^ 



Ulp j 44jiJLz^ L>t-wwj ULa^t^n wLlp c LajL^ LijI^ L^S" 

^1 ip o^piLo# aIaX* JLil jj LJ ^a:? cLg-bblj ^ LLaL-^l ^jA ]a+j*)\ 
^ yJL) jl Uj^-C V . <Jl^ljl^^.T*to>il ^lp wb# ^]Ljb . j^>e-M*Jl 

£a*j!j <w^jL>tJl jl . wLju ^y*j -Ll>* c~>L* oljl j^j>- ^1p jl^r J-ojj 

*M.S.il ctw^—Jl iJl^J . ^LlJI ajj jJ L* t^Jiu iw-P*^ of LiL>- Ljl^*L jV 
^-Vlj coL?L>ti^llj J-o-*U ^ Jsa JjVt ! jp A *,s2 1 ^ 1,1 o^pi»L-A iSjy^ 
L* j>x^ ^ oL^*l j^^j jl ^^^^ 1 j ajl>“Vi 

c-Jl>- ^ 1,1 £joj jJlJli^LiIl oLp (j> y£- ^ill ciLull aJI jiLl jj . a^L^j 
. AJ yu^Jl oLp CO-bo->tll 

iwiJbT ^^Ip 4 -Lj La oljJi ^j^Jl ( ji-oJ-l j^ip l^jL>ijJJ jlj 

jc>- Lgj J_»L*j Aj^>*i j ^ j-iL jl jJjpUai-^b jis* jJ lit* .Ll^$ ^JLo^Sfl 
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oJuiil obJri iLJLJI J-MdiJl 



At.i.lP j *DlpU*^ t li>- 0 -L^-j>- J AP j-L1a Ij j 1 ^. JX j L* Si x ^ ,, 

^AjIpJ ^ill cCjLlJ|“I jl <jw jl OjJal^l ji liL*j ?~Ulif jJLj 
? tuJbl ^xJl jJ-L> «* a j ^a jjj> ..Jl 

aaL^uLI jjSfl ^Ll* ^y* (1) lu— ^ jl .j-aUs jib Lla IjLJ 

LgJlSb*il i uLjapI j ^Iaju (_£ ^ii-l £^jiiJl lb_Aj , lj^li-1 

tL-^UaP j ^Jl c jli jJ-»j L«-S"j .LgJ Oj~oJkl Lg-ijUijj 

.LaLf 4 JjLi>> ^L*«J LgJ jJJi L * J Uf-lft-Jj cLjLapIj 

# * 

l^jLij ^Lla jli t l!- 1 li*^bi>- *V I 6 *-La j}\ ^_1p^ 

lilj .4jli ^Jl lb-*L*^-l b^jbl 

tIjLaL-ioj f-Lj ^Ip (j£j^Jl o 4-1 jlif 

co*iLj2jJl oLi< bjbb j^Sb iwA-^3 cI^jUIapIj 

VaJI^ (_£ j^Jl j-l ^lp iS jl ^ibmil j C L-^La2_pVl^ 

(ollJj) (_£jjJl jjr^l i^\ Ll3 jJCA ^ SjL^^/I jl 

<0 

^A : . : ..^a.»Jl Sjbbl ^jp ^jjj>j) L^lA jJJ|“l SJL>* jl ,aJL>- J5" ^ ^J-oJU 
C La bjLj LaJjP ,L^4 ^ SjaJlJ Ajilli^- *i5l-SA j* 

Ajjf j ibii yy ^ £r*^~ jyjy f 

jjl ^QsiP ^ aJ^I ^jP lL>sj ^jyJl ^ Sjjbl Jjt >u L* jli jJ-5bJ 
sJlP- Jif ^ l^LJ^I J^Lijj ^Jl caJVI jp JbjXl Si ytA ^ika 



. I * * - * ■ ^ 1 ^g lp AjJL^~I di^LJ^/l a -L a wLpLi »j *a^*L^JI aaji^-I o-La ^_^xjl 
(^jjJl ^1p j +£- aJ y^* Aj>tS" I^L*j i_y ■,< / 3 , >’^/l ^L-P 
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*Ui Sala^ U^^jj , biL—^- f.UJ 
Obbt ^1 ^>IjJI 3jjiO aJub ^jA Jlij^Jj . 4j ^j>tLl 3JL=Ll o Jut 



J^siJb 4 * bill 



oUjJUL y ^1p 



^ j^v 



l g j £ d^b^ - f ^4 a1-*Lj d^Lp ■h iOh.' ^ ~ r ■ ■ . - ■Ji 



tUf 



-^>wSi. 1 



yjx^jfi ^ JbU US^j ,Uj_jk» ^ 

tAik^ d>Yb Lgijp ^ $■> yb* j - 4 0 ^ 5 L* c (Concerto) 

■ A* J ££>J jpAlLl d^bOO ^jp-* ^JjP /\P Ojbp bo. ■**,*>- Ob 



, jj^laJl J^>- aJL>- ( JS" J>?-b 



OV) 0V S^l — '■’rS^ Ot^bdJ iojg 44 ji*Il oJLfc 01 

-j? *- to^ jp%id i!| / \ jlj ~~ d ~^ * 4_dJLn>0J d^td^-l J^Lbj j |tL 01 

OjUy L*< *j_jblJ ^J u . -* i ^ JL»-b , aJLJLs*- 0 Jta * abb? 

d la .1 : \\ OJJLIj f^L* _d AJtiPj jjJ2L ^ A la A'll d^bJO Ajt %jnj£ 

Jy Wr' oli^^u 'jjh^' ^ ji L^: t jL-i^M Oi J>“ J 
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oJLiil oLJr' icJlill J-uaiJl 



y£Ju ll.laAj 4 j jLaI^ y* •«— ^1 o^LpjJl 

4-ojIj^ Lli^Cj , cJM oL*iu <J^L>- c^jou cojLl^-I lIjLJI 

U3 o jSo ijl c ^/y^l ,^-lp CJ Llj^-I © Jjfc ^JLuij La 

OjoJ ^oLJrU Ljj ^ jiJ jl ^3- Lu^jTj 

£ * 

.^otjsL. jl 4 jIj% 1^15^ *}L*3 LLaL*oO 

4>t *L>-Li lM LJLp iLjJjf C-J ^Jl ^lp 0 jJjLJ 

CSI, Crime Scene) ,Jr\ ^iy> iS J- —<J jUUl J^JLJj yL> y 
pliJlj LlJ .o ^>p LL Jb j^j Uj — (investigation 

. <^3 t cOjlyl^l t, «*} y ^Lp jifl-Ji 

olJLtj L^iLlj 



jjjJl 



jvAiii-i c-jb^j 4^15 j 4^3 LgJ3 ;^L*jI a7>(j ^ Lit ^l?l Jj>r y 

c LL ujLs^I wUp (^1 j>-\ J-LP ^Uijtjli ,5iL>-j oJLplij c^Lgjj < Jb>rj 

y* Lj JjI jli cOjLli Jjlaj . e-i^sil JLP ^Ua*Jl t jp ^JlJL>*j 

jl jvAiii-Li S-“'^ ?r 

^ jAJ ^lll L CI^Llj^-I L« ^ g 3 ^ T ) 4 j jj^b?ll LjL>«jV 4-^Jjlll 

?4j^Li!l o*Lfc j^aIj Laj cbil ^l?i ^Llap jj J* 

* 

4jiil^- jvaJjLl 4jlIa-La Li?- ^jJL c£JLSI C(_£ J <ojLl j-* L*J 

0J ?LpIj 3 ^UaP ^j-P Ll*jLm 25| ^LlaP (^jJl La ?^LjJ^fl 




Jt 
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jjhJ ^ + <>- £>- j ^ L^- #X* ^t n^yiLfi j 

. w.i> •■ bf ^ 



^ O JUb JiC. l -C~y.. A ^)| 

ft ULj ijj}\ iuliU illy 
it . bfr j lJJ^ ^yUl \j>^ f yll 4 ^; : -^ r-l U-a-c^ ^Jlill OJ 

Ijl* i$L »t ^uL^lj t^ljJJ^ 

£ rJ***a f +jZ.\j* > 1 g a si Jt Uhj juL ( i! ^i»* ! j . JLj . s^L^L^^/I Jw*J 

iJJJL* ^ 5 ^ p-f-ljJl oJLfc j| <h - > ,4_U^-f U* L -j>- *Xl£ 

* * j. 

^jsj^Li ^ii (JIJL^wLI i * ljdw3 lilJUf Lfr*-o-+ l)jSj 
t^L^pSflj ^laA ^Jl 

* LjU>- 4XJ2 



t^*rVl ^^JLp 0 frlftjj LJlp ^j>lj tJfl-oJ] Ijjfc ^ jj^JlnJ 3 ~jLS" k*>\ jOJ 

* jj^S/( L» ^ .g^5*l ^Lfcj^lsiJ IjLj^I § 
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•JLill oLJrl iLiJlili 



yj (Mutants) 3 yllaii ^Js* o jlkj 01 Lip ijiLU 

<Jj Cj^ ® ji\l? oUai4 ^LL d^Lp pjj iJjfc j cL^jLu>-j LUO jJl 

. ^3 oLgj jLLl Ll^j: V L5”j . ^ j dj u il ^J-ujLJI 

^L>ol jjfe J jjLL 0 Jbfc ^ ^1 J 4^-1 Jj Ojlif JLi! 

JjJ .jdwJl y>\j LJj^Ld ^1p oiiLi 0^5 \j 01 ol3l j*>- 

0 jill ( j-^ oLj ; jSfl j coL?*)bll ^ Cfenl 4j^*SH tLJLp ^Jjljl 

(J»i lII ^-ols .dj-p 

•W p *1 j??\j y lj«i^-<ki) 4il ji?l 

> # i» t 

.aLpa^I oLJLpc L~o O^^j 0^ 

( j^» 4 ~oJ>*j *lpj ^ C C a 5 x ^’ 0^-^ ^ <jU^i j-*Jj j! jLsjr. L^J&SH 
Ol^-C. DjjjvaJl Cj* 3 • <-£ <LlJI oLtPjil ( jj* 

4j>-li0 oi-^J j-Jl 01 . Ab^Jl (Jl y& I ji jZa ^ci-l O^^J *i Lajl 

^a3 .^UrOJl y^ :5JUJt y&\£ $ ^ $ y y* <LcJUJl 

j >» yC. cL^-SH *L1p y ^li 0 jill oL.J'j 

(John Saunders) jjJJL- dyj t (Edgar Zwilling) jLol 

oLf ^^ip 4 _oLipI y- 4pJL_a ^jjLL *1 

JLg-P LJJi 015” JLiJ . ^aJsuJI jSL^Jl JaJT J^Lio 
A^JL>til a>i^jVi o-)15j ^jaS7 i^rVl cJl5" .(Slice and Dice) 
ol>l ^>“ a^- jJl lijb y>j£u jJi . j jUi ^Ip tfJJi 

^jp LjlS”L-^ wb jj V Ala , w i Sfl y* oLp j^oJ>t-C. < P*)L> 1 1 Jj?7 

jjUjLj co jjiiavii cJ y- a>i_^mJ^i 




jJUL-b ^ ^ 
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.(jLu-o^fl (j £-blj ujllJ-l oljLpJj c ^jliaJl 
j ^lalj |JL^ o^-ol/5 oIp j-o- 4 jl LLLlSl JLaJ 

oJLaJI AjL^jJI ^Lp a>x^~j Vl Jj>“I j i^>- .t_3 ^lail f Ja-C 

cJ cl^lJljLi jti .*}L>IS* cJ ^kJl j jiall ^kll j»-P jJ 'JA 

(j- 4 frj>u. jl cULp ^Iji Oj- 3 ^Ll^j I _^-r* IjlJljL jt-5 . j-o-Jl 

>>,<g ) l3 c ^>-Lia c*3jj IjJljL jt-5 .^IjjJl 

^tjjj Lj :ij j^j C-3j ^ L^jJjI 'M L *1 .a-u»L*I 

. 4-fc jmJ jl 0^w2J £,U>L ( j^Jj C 4.1 ■<* T^X-* 
(Mary Gasseling) £~JL*Ur <j jL- 1$j c-*li c5 3 j^ 4 ooli 

4juL oi>l .O jj>«-Jl ^jA (^ ji Jj - by jL-o» ^J,| jjJJU 0 j^r ^ 

jvSjji-l ^c-w5LJ jl 4j jJU (^JJl t jl£si,l ^jA 4^x— mJS[I (j>» 0jOCs3 
<*--~>Li-l ^ AlPljj oolplj tjjJalll C-3j ^ 

C— ^ jj . JjSfl ^ J 4 jlSsil L*Lc c^^Lsiil 

4jLfcj-a A>t*uJl J3J . ^ L>- 4 J j^Jjj Jl 

^j-4 '_a pI JJLP 4jJL) jlT 4 jI (JLp £~LJj jj^ 2j 

JLa3 c^-jLms>V| JaJT jjb A^oJbl j^Vl ^*SHj . Liajl ^jL^Sfl 4Pj-4a*>til 
. 4 : »..lall AP ol 5 j o^bJbLt ^UVl C-J15" 
JLp Ij^IS oir cljj Li \J)?7 jl L* ^t***jJl 4 jcL (jl 

0 ^£" 4jLv^Lp 4^*lJl oJUfc c.. tfllgl JLaJ 1( vL^Vl L^v J j jJaJl JJ 
JjL^jj oJlLij ^$sjr jjVl l-Lfc ol L^-3 Lla-Ujj coJjJbLl ^ 




7*5 



£juiLl okJLl J . jx ajl 



l jy* LUfl,» A 5 jJs ^jPy t A^rW^ ,jO>t- LiJb^l |J , S-iP yU 

Li ji j lil , j jla^J LS"y j 4 l^a-Jl ^yiLljLjJ Llij- jt 

jJLP ^JLf- 1 tA^LJj <!>- ^Ll yffylLi 1 

tLg— —iS tSly* ^L^Vt ^y* ^apLJa^* 

•V^ 1 J" cy y.^jj j i^L-W Ls-^ 
Zone of) - iiLaa^-^i isLjJ L S.-.^ Ayw**jl A*JaJl oJl* c~JL^ JLaJ 
J**r Ay*^J SjlL Sikdi a-L* 0 [ .(polarizing activity) (ZPA 

iJ l ..^suvgjj yfc L*5"j . iw-iW yP 

t^vU^Vl ji-J jJ tJflAJ Ua jjj Vj y^>- 

jj^jj t(^ y>^l ^jl! ^1 LljJJ ji*-*5* 

-Jj^'cr - ^ J|fW 
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! jwT o Jjb ^Uall^Vl i?LtJ Allai* JLi! 

^jJlJl ^jLv^I ^jSo j*_$o>0 Ajalal^a — ^i-L jt — CjJLi LgjV 

J^LU 4 aU ; 4 ^ 01 ^jhnk\\ JL a *p! .j^Jj •Oi^’ jitj 

* 

oU-Jlaj jlJL^V $l 3 ^iaJl jS' UfcJjtj c U-)j^>r ^w2j ^UaJLl^Vt 

(jl I ^J( 4^Jj» yiil LlOlS^j . 4Jtl l> fcll /^jSo L'^L^JJ 

^j .j*-$il J- 4 ^ J-* ^ ji-^l V (_£^t OJ-ta yS J> 

lJUb ^jA jS yS y ^>:ji < *_ jlUaT.^I iLD 4jaL?;» yy 4»j ^i!l 

aJJ JjLill jl^il ^j .^vs-jLl l/^LjLt c£(_£ji-t 

L^)Li*-l t_ J^LOj 4 A la I 4 ^jP wL*jV^ <U>Ljl 

Lt-j Lfrl* oJL>-lj i jit ^ Lai .^LgjJ ^JJjSo 

,^jJ jilj (jJliilj ^lill ^U^Vt 0 j^ci y$ ' fi 

£-y£ J wAjJ3 . JaS^^lII ( ^JLp ALlJLI 0 ^^aJI Oi-Lfc jL*l>“t ^j^X»Cj 

OjOL*^ A*lai c 1979 J (Denis Summerbell) J-» y>- * ^rt^P 

. l 3 ^laJl i jlUar.^l i?LU 4jLlal4 4x3j ^ju J^dlt yy I JL>- 

i^JlJj y* e 'iSj^’ iS^ jLi-Jjl ^_Jk J^-L^-l t jjb ^ljj>«JL^l ^Jb 0 ^^aJI il *j IS" j 
^lp 1 j*)^>cJl 1 Oi> La ^J-J j-<w> JLaJ ,^>“Vt V JbM ^1 4jlialll 



A a )a ' A 4_^_>- ^Jp ®^J^Tji*t Vi **— > jS" , tkijb yA 

(1 ^ J^r jil Ij^il ^t v^jlWtfZ^Vl i ? r t s J 

,|jj >7 4Jb J it* 4 ^jLs^Vl C-JlS^ cl) j5o C-JLT LaJjpj ^^-)Lvi?t 4j t l)j^o 
. S*, - I A d la ■ 4 ^J4 f- iliLjb L)t^ ,A>«_V?lj lAjb 4^t-Jj L **^J l^J 

t Jjb Jj JL>lJ j ^ j ^jLv^Vt 4 > i.'Xj ^_5 vj>cJj j CL^t 1? gT .^V' 





77 



oJLiil J-ajaJl 






jJl JAa^-\ 4jL^j 



^jp c_^ j*Jj ^Ij .tUJUJl ^j-A -XjwL>r ^ jJ 

^-4 oLjlji^jJI ^l>- c c-^Lla-Al^V] la 4 tf la.^4 4 ^.Loj<J ^L^*l |*-^>d]| 

^ £ £ 

. 0 Jj Jjv- 4^£jj>- oLlAj ^LoJUJJ I yi jl *X*J j ^iJl 

jy^ b*< A cl 993 ^bp ^bb LjuiS* 1 «/? >» AiJ 

J-o^j j^>o ^Jl coLJrl c^Jb ^ jli jl* ^ (Cliff Tabin) 

4dl?;l c..b pi ^ll! oLT^ c_J5Jl^J| (JUb . i?LiJ 

* 

^ .^b^j^fl ^p bali5 ^ I ^J-*->- ^gbp c la Vi -bLio 

oLjUjc^jJI oblJU ^ 4P ^ckJ>tll o JLfc oiJb tfjjl tCJ jJl 

J,J > /g j ^ill ciiliS" oJip coli c^^aJI j jii\ 

oJUb C-J15" wLiU . ^^b^lS" j>Sn Ibb* Jii ob^^i-l ^j-4 L® Lpjj jl 
^Ul jLS^j dJJi ^jbLa wb»-i <_£l jJU ^ c4^JaP 4 j 

l^?-jol br c.^£^>- V CM ^-..^><i £ ^>-VI jJj bjj^ o y>- jJu 

oli o caJl^I o^Laj C/y.b> jv^ ^L ?7 cl^>-ij .4 -omjJlLj 
c-^bbJl ^ C^j>sJi ^Jb co ^I aJI CJLS" . e^bSsJl I JUb ; C 4 j ^ 5 4j-*^ 

Jli j yjjJl oLuJLkiJ) ^ 4 J 1 ! j jjl c*b^ 

ftb ^p Jj^^ll -bbidU ^tjbJlil k«Jl ^ eJa-bCil J,l 




<±UL>-b 
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^ 1 4 AjLo jt .aJjJ-I 4 j^L>-I 4-U2jjj AjLJU! 



• Sflj 1 3-* Jill ^ (jxt 7' tcjAsU J[ ^L»Sfl j-* 

ciiljJiJl j jLj JaJL ) jl la-JUj oL^jl-l aJLqIS" olp j-c-sf C-jlS" 

jjL£ ^jp J jj— 4 oLi-l J^LiJ < j-A .L-ajJI jJJij 

.AjLj jJl 



tcjyt ^ ^ ^ |i 

JJ t(Andy McMahon) OytLiTU jz£- - 

JSTio Lg — a J 3-»l*Jl « j^aJLi *>Ui [>r j>- Ji \J\S - (Phil Ingham) 

* * , * , 

ol olpj-<jj>ti Lxj^JL* l>- 1^7 LJjLuj jlS" LiJ L* o| . ~ 4 

C 0 ^-fcLo^-4^ i Lj oLlil AjljjJl oL^>- *L>j -Li -Lai 

oJL>-lj 4jl$J j^S" cO jt I -LiJ 

V LJJ| oU-w»r cL«Jp jlS^j Ajl^-Jt ^jP p— ^L* jI 

Ju-l^ ^ JLLaJI LOr^r' ~^hr& j C>» w Jf .(Hedgehog) JLcjLILj o j-o-^l Ji 

AjtlaL* aLiaj L* ^JjU jJLj jP A ala;* Jjti- $ AjL-Ul 

4jLjlJI I JLa jl ^jp liiii£ jsAiil-l ^ji j£j J* c^Uaii^^l I?LiJ 

^jp IjJjLl JLa 3 ,4j^Ai!l ol^\l>t-Ll jru ji 

.liLc^Sflj c jl ^iiSlj 4^l>--lJlS" olijli£ ^ -LiijaJl 
^ JLflJL A ll v - ^ J O-oJLp Aj^AlJl 0>\p^A>f oV 

j^JbJlpLyyjJ ^ ^ - ^»-di jt ^ L)ir cA^S^LaJI AjLj^ 

4 P 

^Ss-C IJlaj caJ - 1 . mJ 0\ ^ u)^~\ jtJ* ^ 

I (jl cA^LJJ A^^Ll Olj^Vl j^L^Li) 
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<* 

^jA JjJjJI Jaj j .juLaJI ,j^-l J^Lo { j& 4_>- L>- jJi (Sjy il 

^ JULaJ' c<L^ljiJl 

tLcJLp OLi coJbJL^-1 4 ^a**cj d-> L L>tiwJkl tLip 

tL<JLp ^jJilal JLflJ , o Ju JL^-1 -P f-La-^Sn 1 jillaj 01 ^1 p 5 j\jj}\ 

‘^^1 IJUb 4 -JLp 2L^S"Uj! 4jbi J* JjLiJi Jyi-I t jfl.trSl ijj JJl c4jtj j}\ 

4 LJLj>- CjI jocjj L^jjJ IwLfc ^ 0 j-ila 4 j~U CL-jbJdl j^y 

4^<>-*jbjj 0 jjbL*S"L*j ^jU ^ ^ JULlaJL 



l 5 1^ c (Sonic Hedgehog) JjLaJI j±>u ^ U--UI ^ JyJrl I Jut 



.(Sega Genesis) 









4»j*J 



lJu& 41 *aj L® JlyJl JS,! o^j 

\J 4<j^-Ij J^.42 lb y>: P 4jw? (JajU 4-Pj-o^f C-^15 

^laJl ^ lla.tj *ui ji 

l- 3 ^JaJl ( ^y* la d< 4 juL ^ C^J IS" \j$X\ jV ‘o-bJLi 

t jlU^r^u*yi JaLiJ 4jjJa*L4 tJa-iJ ^ip <^£ y>- 

Juillll ^ybl iaLiJ JaLcI aJLJI 0>l jiaibl - ^ - .^ 1 t^iiJjlS 



c-^Uail^'yi JaLU 4tf lai4 4 j>t_^J ^ ^Jl c^JJLr </b£ jl >0 

Retinoic) ^iijj-^> c_J* ^JaJl JLp 4J \ . L$jb 



^^Jbbl ^lp i,al la 4dla I* iaLiu rtlJ — 1 {ju* 1:^5 JtSLM Jta-I — (acid 

< f — 

jt-j ^ li ^1? Li-Lp lil liLa '■M cA*~ 

JjLaJI ^ j-maJ| JULlaJI JaLxJ 5jaj jj>* Ja_Jaj>0 Ll4*3 

Jjlaj LoS" L#Li — fl*#l J ^ Ua^iJ 




jJUO-b 
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> jjl ^jj L 4 JUP i^Llo AaLj»4 

* f 

LJIj^l ^jb>-LJL! A3 c.. ^JLi jlSJ 

40 U jJO J^s3 .OLJ^I Jl ^oLL jail ^ aJ y >- 1 

4dL^j3 jl J5* 4 ^J JjLiJi ^ry>- L^jjJ LgJ 

*> 

la ««t-; > pjj > OJ . c-^i la altuVl JaLiu AjaJaJL* ^ Ua-Jto OOr^ I Jbfc 015" 
J^Lll ^ >ii « «*L* ^jJ y i /J 1 1 >-XjLLjiJI i^/^T 

vil^lj J>- l)I jt coJjIj L 4 I dljjJ OlS" Ic.^li j 

f * 

40v^ I Jjfc ^ JJO- (3^ 2J>t i L**J-*p ULj>-l (jljwL-J 1)15" 

^CXP ^J,l J-s^j L« £>• 4 ( jlaj ^P jjl ^ r ,A> 01 ^ s'* 

* * 

.A^jLtsl^ Ia^>- ljt*^l 

O-J I j*JLp JL>-I tlAA JLaIaII Oi^“ ^ 0*Vl l_ 3 jju 
^-jLv^Sfl 4 JM ^ Oil ^I p ^J-o-*J 

01 Aii?- % >U.lj ^jJli-l ^j>j . u. ^Ull lUjJ| ^3 l g l» :; *»j 4 LfrU .t>.:.| 

01 .Ajli J-^S/I U^C>*J 01 ylillj 4^olji yglt j 4^l>-jJl ^ 

40ry^ jilj 4A^L*Sn i^ljJJl ^IpI ^ ^jL^j 

.4-31 J&\ IgJ ^01 I^JU^>- oli J* L ) yu aJL Ual» ^Lv^Sflj 

0 jy&j ^ y ^ 1 wL-aiaJ! 0 1 Lli^p L* c£ ^ („li 

^Js^ST^ c-Llj <0r^ ^ _/^Vl *1 

L)t ?A^Lo— J t v^JuLpJ ^ A-laJlJ ^1 j^- SM 

LJU-IJj aSs LlJj JliJ ?^3L^pSfl L*L£ LJl j j 

J-oju ^ ^ L j- f; liLo3 .LjJjIj Llp(j3 ^ 
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aJLill obJr-1 J-vajiil 






•Xj\ j& jyiJt *llaP| 



Ai>*l £cJLp ^AjcaV LgJ^j AJa^J i ^J3 j i^jyjA 

j& jl5" .^UrjJl ^cJLp L*Lc ^Jaiaii jjLo-~Ji 

^Uv. jJl L>- c-UJ-P Lgj ^li ^ill ^jJj (jt ^JLJlj 

l$j ftf cA^rt— oSfl ol>l ^>- ^ t^iaiiii ^Lp 

.iSLo^Sn jjJaj j . oLlJ^I ^Lp Oy.lj ^i>- cJj^-iL^ 

4JJV-I Llaji LjJ J^Ssj jl .£-* LgJj j (j-* ^ oli 4 Ja, :; ) 

cA*J*>Us! jjjUbM o-La ,L*Uf ^Ut-^lSI jLi-l ^a L^5" 

LajjI? t a~j toljjJl oij^Vl ^y* JbJjJl jjJaj jl LjSot 

.^JaJLail y JA\ ^Ip <AJl j jiaj |» ^jt^LJI 

j^iaj ^iaJl OL)l-Pj jjlaj AjjIaX. A^oJjCj <j^ Lu^X. (_£JiJl L* 

^ h .^ ai l J^>- A- *1 »?' *■> » ^ jJl L* y* ^_aV|j ?A>-UrJJl 

?aKIJla 



A*j ^3 — jJvjUj t J jJjLw I Ljf — ^l>-jJl l 3I jl 

I L^l j l-^r 

fis ^iJl capIj^JIj t a^-I j-i -1 <w^jL 4 ^ AiLliS"! f V y J ! 

OV.^ '-r' J^4j jj- L >'-“ U-! 




dJLU-ta 
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* t t 

JULiJl LjJlSj l?LiJ 2Sj» LjjJ iLiaji Lil Jb\ 



i?L£J \a\sij» jli cLjIj .LjL>- ^ jjs c ^ j ^ aII 

< > • * ^ 
jl c^j j-s^Jl JuLlLII ^ 6 j-ii? jl clJ^r V lyUai:* J 



. ^9 & oLfe^ » * j l - - - - * 

(^JlJI co^ ^ jlfJLl IJl* ^ JbJb£ (_£ JUl j ^1 jl JiJ 

Jjfc ?(_£ oLJ-1 jjIj A3*^Aj*J i ^JLj . LjJjI c-Luj f jJij 

c^U jli£ ^ ^JL^L* LgJ Jj&j co Jjwij>- LjJbl ^xJl 4 jL^ jJl 

* e p f 

?4i*>UJl oJu& J-^P ^JLi LJ cL>t-rw? IJLa jlS" Jlj ? Uajl (J j >- 1 



fjjl C(5 ^>“Sn .liLo ^ Sf' iji 

^A3 ^aJoP ^JjjLpj IgJ C d*> 

^JL^r dJLip J'>» <JLp J*r' ^ 

cl^J>Jaj f j-Ojj Cjd>*il ftp j jJL* 400 tfc jaP ji! oljlj>t- I >^4 

L^H^l ^tp t^-t^tp c,.^r jV * • t^-I c«_^aS^ jt-j 
c<U— i5 Ol^il ^ laJdJ ^jj^aJl JULa)1 ^jy>r dlS" jj yd ^4jtg^. r . ^ . U 
0 4j o-La d-ot^ .f j^J) Ll>1 Jd ^ L* y*^ 4j J^Jxjj 
<S J J- ( j^JL >d**J ji tjl^Lalj . *ly> C++~A Lg-l^sJ cAajIj 

jL>*jI ^ cUxlai^l jJ c IJL jj oljL>«d*-^ ^j-4 

, Lj jL^ L^Jlp (_^ ^4jL>t.t...m tl oUl Owijfc <u>-l 
J-sIail c(_£ l5U-^V^ ^ tgJt> ji\j jd\ i5L^i <j\ 

^Jm JA\ 4jLpJ ^/\j JaJL>o ol c^V ,4jis*-*}t!l ol jtJ^^ 

^jJl ^ji jjb ^-4 li*l)ti>“l 
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SJLiil obJLl J -AiJl 



l-L>- ^ j j-aJl SJLaII C ■ J j .cJM j-L? Vl 

Vj .4-j 4jLiJ V L-gil ^L>V ^oJajtJl _/ jl jJj 4t_ — 

la P — SJL?“lj 4-oJiftJ jl la-o-lj -Lyct 4 -Lm^ 4 J L« 

4jLpjJ| ^JS-b ^LlajJl jJJ 31 jii\ 4jLpJ JS-b £>U^1 — £-»j — 
LallaP Lfc^J J . iSaj 4 ^L^iJ tOjwiij aJLj jI? 

^r Ifll A ll j1a}\ j jil\ Lx 1 ) <^j3j jUu2Jtli j y 4£r y 1 «/g a Lg->1 ^S* j 

(J^>«Jj *V la* II lgJU?Lfc oV £43jj"Ja*J 1 .l3l <o> .*»Sfi jt-^L) t i yu 

£ £ ^ f- 

iiliJl Jyr jUf 131 Lo^i 01 OOj! 131 . (1 Jb I ^liip 

jU>*J V ^ 4 lajb c-3l ^LV i ol3 oLil j-j>JlS Ijyf l- 31 ^ls>Vl ^ ^ j-^aJl 
Cjj^ui-1 jL>tj V ^ 4dJLJJJ 4iLj?[ yi^ Lilii£ L-u^ 

<uj jJaJl JjljjJl ( ^y* ^ jj c^l ^ iJ 1 Jj 4 J-I iJLo^Sfl -L*j ^ JJl 

< ~>*Lj ^ jil\ i]Lo-wul l)J ?li Jb jl 4 jLlpJ Oisl tl t4_>-j^jJj 

<u>-V c3 y y jJuaa ^J,l 4 ^-L>*j US" - j (J,jVl Uillx .t>* c—>!S" 



^iJl ^1 p J j.,^ j -1 jl C— o -Li! .^JaJLall J* yi\j y y^\ 

— \J* J^ 1 *• y y — ^JaJLflll 4.«~ JU ;^llal> VI <L>- 4 jL> 

JLp ^JaJLiil ^ill U^JL>tI^lj ^-SJLj UIJj iUJU . liil^ j^Vl 3)IS" 



. j-ill y* U <yj^aj 

4 ^ yj yJj J\ c yy J £ UJ ol 4-i^l 1 ^jy -ULl 

jlaxii /^>rJ j U^w^li ,4i>-Vl iS y^- y? y. jl 

. o yl IS" A * * <<^ * 1 1 ■ - Jl ^ * 1 A^ * U 





. c.aJLI 4 _>» L& ^jl y (jjajl jJ Cjyt 15 ^ *-^3 

^Jj-MaJl aiOLSl pUL*J| a>-j cl 993 ^ tjyi U cal>«jl ai«j 

^3 jj . jL-J^fl ^l>- j OlL^>Sfl5" c^jaJL>til ^L^rSfl ^ ^ap ^ 

i* 

^Jau ±£- 1 c^>«j ^ 1 p Ij^li (jjajlj cl) 15" Cj^Jrl »5jo oJy^-l 5j ^*il 

* 

<jj -u^* '-** i/ ^ l/j^'j ‘l/j^ g^jy 1 ' 

.<j5 yaJl c£aJ ^ j^s JjL 5 (j^- * 6 ^rJ tjwaS 
I jjfc la JL j ^j| Cj1jL>-I Jl ^ll^- c 4 . . ~>I jjl aJLl^SJI c^JlS" 

L* cOJJ5 ^ j%-*S/lj ?u^ 

^ j-flj (j^aJlj cl) IS" l»JLP (, JLL>- ^jA dJjLiJl CJf-L>r 

.<>JaJLiil ^ j jJLll j iaLiu Ol^>* P 

* , 

Lo5" t^JaLiil ^ j-iJl (j^aJ aJI 5 c^jJl ^ la «t> ij 015" 151 L>^3 Vjl 
Lk-j .c^jJotj L# 0JlJ5 015" j .^l^aJl L-il jl bl ^ JUiO 

4jtIaJLi( c4jiiPjJl ^*^4 A^uLULI 4_g-i-l ^ 4jti ^ la .t, ;j 015" 151 

^lp 4 jjI>cIj r 0*Vlj « UOajl OwL>«j U 0JJ5 0l5"j . ti^vaJji- AJLsllxi! 
l- 5 ^i-Lit4 C-~£ I51j .4-o^wLi-l <la>0Jl oO Jfc cjl5" aJLl .1 ^jyolLJ 
^1 p ^ j-u*j c<_ *5^ jil IJi^j ^l*j JL iJl oUI ^JO Jj>- 1 jl l<>-1j>o 

C j^Vl C, — > 1-4*1 ^ip JjLjsJI 0^-^“ -laLij Igj ^r ^ >.kJJ1 ^4 4aAj 

cA*ja* Jl l£^j fl5 , ^liajiil ^ ^JlpLQI Lfcj>waj oJ-Aj 

C— . .^> ai 1 015" 151 U-J Jillj 4 1 ^ *A>t » j»-J C^jol jl ^ yia^jl J 

.^-U-aJl ^ JU-I jjb Lk5" l- 5 ^laJl ^^4 ^p“Sfl ^ jl^-l ^3 ( 0 y^“^ < 1 3 : **-* J 

.l- 5 ^laJl ^jA c_JLi-l O^r^ OJ55 Ia> JUo ! L jy*ljL3 V^,.^ ail 
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o-La 11 oLJrl J-sAiJl 



£/&r jl Li^P JjJ .^Jj jh}\ jllaiiVI C-Jj pl?r OV!j .OJ-!i J-a>- -liJ 
^ JlJ-l ^A l<jf cbjJul ^ Lgjli 4 j L ^ laJb i— j-*aJ! JjLuji 
OJ-!^ O^^*^- 1 liL* , i>tlaJjill 

^Js* (J j ^> JL! jUaJj^t LlJ-P OLS^ V ^ < o . Sa^l l ^1 p aIS" 

.ajU^I 

L* .AiLLiJl 4* Ja* Jl L5 jJ—I j j\jz> al>^Vi cOlS^ -Li! 

C-J IS"” Ai! VV ^ L>- OlS^ ( Ja ^a Aii LuSs^l 



. LJ A*«m«jJ Ij Aj ^P AilPjJU aJL> 0 .aJ| AaLllLI 

fi * 

jvj cLiu ajLiJI .^Lp " 5 Ujl* VLt* AJlgJl cJlS” JLi! 

-Li! .ol jA ^ la ) 4j£frj * i>r lalill ^S^^a!!^ 

jAj 4 cJd-> 0 L! ^L*Sfl ^ £j! j Ja-oJj 1 ^ 5 " y 4 j jf JaJl ^JuLpjJl c-ipUa 

•w3i jJaVl 01 . cJM ^JaSfl ^lp w^jtaxlJl ^ oLjIj L^OJl 44.*. fli ^ 

y ( jJ^ yaJt 4 <— 3 l ^Jal i— - 5 ^ jj 01 PLJ 2 J 

4 jli ySf! -Liiail 01 . Liajl ^lalili ^ JL Jl ^ JlJ-l ^A Ljf ^ 

• b ‘' J^W* t>* ^jL^' ^ (jr" 

•' 4* ^ u>jV' <^rj 

Jap? jA j -/ 9 II JjLuJI 0 i>" jIjI Op -1 lM Oj ^S”JLl> Jii 
JaLio AaJaJ-C. j^jJbcj L^i Lulj 0 ^ j ^P IaJL >-1 oj--c-^» 

oJjljjl c —^ ^5 l^LoJipl j jlatj ^ jj L* c .__-)! t? aT^uV' 






^JLU-b . Jl 
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oj j y- jj>-l ?UajL^IS" c<_£ y-^[| L*IJb>J Ajall^- 

o jjfe lyw^jj 6 4**1 *,<jZj ^yyaJl J jLaJ I jy ^y*i c£^l cjryjyJL 



JjLaJI <jy ^IJl>C-J 41i j£ ^ c_J*~LgJl jlS" .4j#jlialll ^ 3 »ll 

^JaJLL# ji (jy>r ! 4yiyL>- apAj j^l lyjJ jJJ-i-! $jLaJl (_£ jJ j-msJI 

.£^k_> jS\Jy jli y y-aJl wLaiaJI jy ^juj jJ J yj lj y aJj>J:> 

k l al l ^ yil jl y yil ^1 p ^ jryjj>il jJ-i-i-i jjS^o 

oJl>ej V jl LoJblJL>J I Aj y^ill oJUfc ^Jjil jLj jk-L-® jLyy kl_Lfc 

jlj 4 01 jJLflil yP l-b>7 kl a Ll gSjyiJl jl 

*}Lfc JLo 0 4-Jlillj . jo U aJ yyuaJl wlijjiil <jy jryjy 

t- ~ - + “>* i 0i»L& ■* * j I j J-k^J jl kJl ^^ fc wy J 1 . kl^“ I ^ A^s. X fc «L1 

(^Jl! yuaJl JjLaJI <jy jl o <.{£ yty yp LfclJ^I 

AjI Ljb ^ujuJj ^ L yoj . Lj dJ .5 yr jil jJJi a^JLj ^kl a ll y yJl 

AjLv^ jJ| jl I jy CC^Jb jl y> ya yJjyJJ (J^dil j ^ldj>*I^I £-* 

. LL>- A-^jLjw* j Ay I j yil 

Ct y-*Vl jaju yP ^*uajJl .3jdj>- JLP ySfl ‘by ^ 

^JLp c^jU^Vl J-*jJ ll JjL? Ulajl j>ij jryjy-i CyL>tJ^»l lijj 
( ya*Jl cJlT LlfT cy yaJl wlillJl yy>r i j y- jl$s» /y lyj y yU 
JbyJj , L^j_4 Jl*j 1 j ^ill ^y y^\ Ajiii^- ^l^_Jul <zj jy& Lxl5" i cy y I 
iJL^jb ijkti jSCjy a ^ g U » ^li La yb jUil jryj y jl^" -baJ coj!j[ 

.^ rkl iil JbjA I gi 

C0Jij>-lj A^oJaP (^Jbl J LfcJj>7j ^iJl c(( aJL>-I jJl )) A^u^Jl ^ 
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JOjill oLJL-l J-aiJl 




Li&LJjj lm JUt& jJl J^L 2- 1-JvtpJj ( jl—j) 4. ^4, £aJ 

4t^ L*- JU7 y ^ j^zJL JLjidj .£- Lfcjf^ i-£/ e/ ^ ajj-MS* 



jJi)l) CUilS^ JLflJ U«h ^ L*1uL4 3 

<Lj *^_JsjLpjJ| ^i!I ^ £-pj jJ 

^jjJl ii3 Lo— ^ t jLoJlfT AjfcL*^ *^LijJU£ ^J*P 4j> j«^" ^ U 

'# £ * 

A-J J JULiJi ij^r Of iwjbdJlj 

.CjLlJ - ! ^ j * 4 - ^aS ^jjJb ^1 -j tlil ul-jiSl s-t ttgju^>- 

^ a ll -La lit LjUylj^- LljsJI 4 a1S ^..^.o. 1J 4-.-. ■ -‘ J Lj lJUb AhJJu iS^ L« 

ijjh jt ^ ju LjJt ^JljLp^JI — ^U)lj C(JjSft 

J jpJl t - * ! Jj JL>* iSjf* A >■ SLiJ ^ J Cj s I pJajJl (_5j^latJl 
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aJcS' j j j i ^ ^UifT 2 jC<a5 oLj>- ■ 

^ l 3I £dJj*X>- (j _^u. j-SJl 

. ^n-flwLaJl 

C-J y>rt ^Jl cl-j jb>Jt oJl* ^ I jA4 JL^>“ jSsJj 
Lll>- Jj?>J ^Cj^ljJiJl ^ r , -X>tJL^I .^JiJLpjJIj lJM 

^Jjlj c5^ S-^Vj ^jP L>j\>tJ ^ 

& 

*LlI wVa 1 all ^L^JL l ;yj « |f 3 ^P 1 ?. .ti U jOn_J jy^~ c3 L . t . ~5 *l 

oApL- ^1 t((M ji -'' 3 5*rWj)) •s^'l ^ «2-Jb^-\ JkJl iiliJLII)) OwXpL- 
O^UaJl jl .((AjL>-b i»JaJLb» a£L»-*)) jU*jl AjL$J! ^ (J-Ul J 

*■ * . I 

. IjL^P Ij aJL^w* 1 oli ^JUJ.1 j^rbj 







^ C— ^ jJl { j^» ^JJj i i>- jL-^^Ai jlS" J-iS 
Sjjaiil cUipSH (pantheon) J jpj 4-U^ Jj15^ ^ 

Ijjl) — L^J aj 4^?L>- a^jIS Jju jl i3 y\ k_3 — 

jll^Sfl oJU& jU tjJJi . Li*Jl <L*~<jj| ^1 i]Lo-^Vl J— ^ L* 

cIjLj iSsJl aJLj Ldu^ J y>- C^L» jlxll £jA ^Ip OjowaJl 

jL jl US' . jU-Vl A3 j Jj L*U^j j» ^ t^J-l 
^jVl o jUU C.. UU Lg-P <J*}U- 4 jS[ *L^ *UmJJL) U* U 4-^oJbl 
*■ & - “>* - U *; 4^Ul\fNJL^I O^ljl ^iU^S" J t <!*■> Lj L>tZ*-M«_Ll Jl>-1 i__ 

. JjljL>r~.~l' 

Jjjtj .^i-v^l ^ I j^Vl cuLjl^Jl Jj t jU*Vl U « -* jl 

j| . Jj j*Jl j c£*UaJlj jU-Vl ^ j-4j ci3 y>wU jJLij IgJL^jl 

^%5"t f-Lj-il ^JS'I ^j- 4 jJL>dl jU^Sflj c jJL^- jjl^ ©I jiS/l 

LgJ ^ill oUt^Jl (^jJ U lJu&j .Lgjt>l ^il ^j- 4 

. pUll J,l L^JUajI J-j ^UiS/l i jl 4 ^j j-^ ^ ^Jli£ jl t Jj 

.o^otMail .l]U-»Vl JS'I d^^-^Jl ^3Lo->»Sfl jl Ljajl 

i3UU>U t jljJI J^Lp L* JiUJ jl jU-Vl 




jJLU-b Jt 
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jLL*j LjjUJ jlS"' lij Oj^S* ^Lo— *1 ^^1 p iS^jej jl a jJuja Jl 

^JLp (_^ wL ^ - z . ! 1 ji c ^^-1 LgjL^I ^ jl s^il >fJ l. 

i)Lwj\ j*_>tJJl 4 L 4 IS* cj l * Ja * JjLij jl coLbj^t-l 
. (^. .~->Jb 4jLl^I jJ,! J^3si\j jl yS>- (_£l (J y>- I j%JLsCj jl LuSsJT 
4jL~i? jl-L^Sfl ^ip ^1 j^-lj c oij jL>till j cols. ^uJl ^j-^jtj L* LJIpj 
^eji—Jl ^ --to ^jIjv^I L^jJl! — .L-WaJIS^ — A^»j>- fc )Ul olil . tl Jl*JI 
^ill cA>t.la.^.i' jL^Vb £^b® j*-i obJl o^yiS^Sf 1 <>■■>> Cj^JUl ^Jaai! 
4_jba jJbiil jl . c-J ^-Jjj (JljjSfl ^b2-4 ^j-4 L^jSot 

^ILp y>-\Ju JLaI . ^jjbJl ^j^jjill c-LoJLp ^1p 4 ^* 3 L>- ^ jL^^AJ 

o^LpI ^^Lp 4 j jwUj (George Cuvier) £ j^>- jiJl 

* ■» > 

t jbJj 4-3 UiL* I Jlfc jl5"j . a JL?“I j J-415" jl j^>- 1 — y 

la^pjJ b I j yXU ^JLaj jll^S/l jl L . 4^>s-J>s_s^ ^Lp ^)Ss-jo 0 ^S\JlJl ^j^vJj 

, jl^--^j 0 j->“ 

^^4 JjJl*J| L 0 JJ 3 c^L^il o^JL*i-4 o^A5"I UjI ^jJl ^1 jil oJ^-tJxj 

4 ^ b ^ m® ol ^j-P ojLp c^-L?l jJiJl c4-^®b#Sfl UL^Ii . jli^Sfl ^1 jjl 

JaX L$Jj cli?L--jl J^si c^l jv?^l coLbi-l LuL^lj t ^J aaI) 4 ,/? 
c(premolars) ^y^l jiaJl L®^ . ol^Jj jl caJLJI o^J^I 4^Lc 
.^Ijv^Sflj jaJI ^ju 4»la^j 4jLfej oli cl a g »*> a^^>-jll 
jaJT c43*xll cLj^I ^ 3 ! oLijVI b)| 

L^jaju ^j-4 c-Jj-lAj jlj c4Ia!pIj jJ-oJ C^?X^3 lil . L-aIaI? L^J 

J^jlo L*-4 UjJIj LJjJl jL^Vl ; W ‘> 1 ^j.. *>■ cLaJl^ 4 ^jLS 
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Ol£, JS" J OL-Sfl t£-' 



jjjllaij Lj jJlj LJbJi ^n)l j Jau^Jklj l_3I jJ-I jV j -(3s^ 

jl c4a : a Jj . o dc-U^o ^UiaJl £-Ja_C jl Ljl5s^l> 4jli 

cLiL^I J,] jl ^j5or UiLJl j t aj ^JU il jli^Sfl ju 

. jli^Vl j jjlj 

jll*wSfti ,oL« jJjcoJJ I JL->“ ljJL*a>» jtl^Sfl »»**!' f-Lcjp 

4jtp 4.. . M j 1 LlJkl jSf f.!j^l j\5^l 

Uf ^2>- ^ip’l A^*J tc£ j-uuJl jJ^ C-jIjLii jjJ-Jfc> 

j^S^I j La LJLp jli**>S[l OJj cLgJi*)L^ ^JbJaAj j . ^lb*ll ^ 
^ o^Lp ljb*-\>7 .^ill cc-Ij^-SH jy. (_j* ^ ^Lp 
jl LCj ;LJa>“ iJlfcj . 4-i^jJl oljLiJl JUJLsJJ oLl>rJl~Jj 



C^Ll>cJlu*il jli ; jl ^yL-l ^LjlL? J j*- 0 J^jv- ^y\ ji ^JLflj jtl^Sfl 

i^JJcj ^ill cAjlL^uII J Jbi\ (J,J (J y ^> til ^JjL (jl 
Loj^j j .oLoill ^tjjU Ji>Lij (Ju^j . oLI Lgj 

Lj ><lJ 1 jl , 0 j Lw^i I UuJlU ( a ^ | j»w* ol - -i^l (. I ^ ^Li 

, jti*^Sfl t5L-wo^ ULp jwLj c^IjL>tt.^Ii ^3 j-_» ^ 

jj£ (J,! jllAj ^liSftj l J,L>^Jlj 4-Jj tl ^A^IjjJl jl 

^mjlj LgJ *dLl* jL^li . lJU j& oLj-liJl j^i ^^1 ts-L-iSfl 

1 g ,,h* 1 j Lg^jaju jl jjb L^Lj JLj>- jjl c^i?till 

j*>Ul — jJaJl (jLL>^l ^1 Ljajl Jjjl JCJU .JOW? 
j^^l oLjJlJl j jL-J^I (^jJ ^ y>r jil — ^Ia.^II j LLJl jtl^Sfl 
jlj ciaii oJ^-lj 0 y* L^jL^I oLjJLiJl J J-j Loj^j aJI ^1 AiLj?| l*i^ 
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a OLl^S/1 aJ.a ■ t . * ctg->L>- aJLU LgJLu^t J-Lj 

. I ^ 1 - l^" L l ^ 1^** 
* t 

^glL oLjJdJi Udj ji? — Lu t jj>- j-^j 

OjJ-* 225 uy La ^Lj c^L*Jl tL>«jl oL>L><jl-«-* ^ — 

^4 I^Ap -L^- c^i-XiSfi j^>r ■/? )l tOwipUaJl Jjlp . 4_L^tJ JjJ L » 195 

g) Lf 1 ^ </*^_J ‘sASCJl^ £jli-l ^ J-AJ ^1 
^^ii) c^Llaj .o^l?- JLl^I LgJ L^jl4 jujuJIj to LgJj 
0 ^>£j dJU LgJ <^Ji->-ljjJl o Jla ce r j'5^J^ ^1*3 . A r *.iJl 

IJla . L*» J-j>- > V ^51 jit ^ l^iL^ij c^JuJLp ^ll 2 _p 

Ju ^ -o- v| - t J 3_^~ I ^ 1 4JL) j \s i »«J L , - J 1 5^ L^jLl* 0 ^ 1 A30^?l 

.oi ol^*- ^ija 

4 * 4 , * 

, dJ LjwUlll j ^ l? 4 "L^LC Uii£ j jJ>t.>^2 II ^LL)jVL) 

Jjl l 5 y 01 Lu5s-C .oiVl J,| J-£uJj ili-ill j*Uap 

t^JLaJ 1 cL*L£ Ia- 4 jj . 1? ; > l5 LLJIj cLJ-*JI oLl^S/^ 01 ^Lp 

j^Sl ^wL*j 4Ja* * m. j 4y4P 0L5* LoJ ! Ljijl 

OLl^VI JwLi^o cUiajI a~Jl> Ci jJl .oLjJUlJI ^ 0 Jj yk 

LuSsJ^j .LJJLlp JlJ-l ^A US" Ia\J cl)1 oL>- aLJ^ oJj^-Ij 0 y> Jaii 
^_4 U 3 j^>- cc£jj-a^“SA J^rt-^J^ ^ i ^ * : *>r o^La 01 

.^jwaJlj cLSj jil cLjjjjl ^ 

^Lpaj — ^ 0 j »1 < 200 tJ,lj— ?»- La^<wP^-Lj ^ jj_j>t-vaJl iSy^~ 

(Morganucodon) Oj^ :Ji4 c^y? j'jaJL 
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01&. JS' ^ I Ji 



oAa .oLjjJIS" jJj cJli" i(Eozostradon) 0 j 
01 .LgJL?-ta ll* jt-OaJ j cjtiil yf* ^ ^.y V oLsl 

,4»*ijbwLa 4-CJLi!l oLjJjJi oJl a C--j LS" ^-5" 01 ^SCc jj ^: ail 

3* ^ « c 

1 jfr-* I J^ jl ^ j «ftJLI 1 ^ JLl* <zj \& 15" c J 4... . M. hJ L ) ^ 

wL*j>0J 



•L/ 1 



oLiJdJl 4^0 p 






tLLJl oLOjjJl cJUo Ujup 



LUS^j ^jdl OV ^jlijU JS j .JjVl 

C^5o j^Sfl <-P j*3l ^ ^Li5sJL*0 olilAJ ^j-Sj cJjSH J-*2jl5I ^ 4JP 

„ *> „ * 

^ 4jj05" ^JLp L^^Lp \ j *A^ L* Lojlj) c-ol^ 

015" JjL! iLiL.iL>- ULis5o^l JoaJI 015" Jui . ^Oa ^ 1 1 t^JI jJlL3 

0 ja I jj Jxj ^i j t 5 Jjwl>- ^31 ^yTLO ^p 0ji>i-o 4i y j JLjli 

4j 4 P^a^ . 0^j>0 L$-A*t£l*-l ^lll t jS"L*0^ 

* # ^ 

jJL J ^ jlijl_j*> ^Jij>ti4 Ukjli? *y5\ .L» coljU»tii^il ^p ^l>-LJ| 
^(Harvard’s Museum of Comparative Zoology) OjUU 01 
t (Bill Amaral) Jl jLI J-j . jJ Il JiI 43^j J l 4 aJ2j j 

. (Will Downs) Jjb Jjj f >>- J'j t (Chuck Schaff) cJLiJ 23 jJJj 
. jILp Jl p-fc ^tJl t*)jjjti 

^ 4j jJ-l j tL>- J j*i-l Jail jjj yijl j 

^ ,4jyi oIj2j I jwL>o 01 -g I^C. l0-^>- oJLpI j 

l^jL>s-s^ Oj^UaSjj 0 yr> ji I y\^ _ Ju^ J5" 

t^OJl tcJjil .(Utah) o^jjj (Arizona) LJjjj jIj c(Wyoming) 





dilpb Jl 
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oljJliJi j-4 bJLP IjJbr j Jj I c 1983 flp ^ caJ cu^slajl 
o jJLaj cJu*o JlSJ .A^LgJl oLL>*i—Jkl ^51 coJUJl^-l 
^51 jil J^a jli j3 cA^oJjJl J oVLiil Otl ji J-JajUS 

, <j^Lji-li]l ^ 4.L^.Tj>tJkl j^p^ 1 4_L<i-i>sJkl 



cl j>i^& ^ ji-\ ^jA tL»r CjL)U>t?,m11 ^JLp Jjb- ^ ^JL^jJ cl)J 
.LaU? A*J| j.JbP C->1 ^ II vilL OJj cAjl-bJl ^Ai * ^Liu £-4 Ljjjjl 
. ~.;.4j ^ b ; 4 c aj ^S woJ! o*5LqJ-L 4-Jjl LlJj l1~*5 y Jl5j 

4juL ^JLp yC^j yaJl jir .La If ciiii ^LXP Ijj AJjlj La j . A.i.b loJJ 



^ g : < xJT t ol4-! J5" ^ d) jjvLjuj cl) jJ>“LJI olS'j c j j^c-Mait L j-« a u,» 4 

^jSfl aJLJjjJI ^c^jLvSH J*)L>- ll ^]p ^UajJt £jA tl y>r\ ^P <ui 
c oLUcI^JlI ^jp c-^Jl iJbl c^jJTj . I Ju>- j ^5" y a!>- ^J l 

.^rb.^ll ^1 p ^ bp ajI j^p li>tj ^ b : 4 J^Liu L&ljl o j>l^> J5* 
iJLiu cl) LS" .cL-il ^j-4 LJj>-j La ^aJ ^ LT JS^ AjL^j 

ccii-Ji J-c^j La l>o d^lp olS'j . ^lb»Il ^j-4 LL^ oAp 

J-^>4 ( v r Sl ^ij .(^5 ^-1 cL-i! jl cojoL^aJi j^LoJ^I ^ *^JLj 

.A^JjuI cl) ^ ^a-JJ ^ ^ APjLiil j ic-^S> ^lp 

£-4 ^J^>a| d)^ wLi-1 ^j-4 Aj( o J Ji yt ^jL>»I Ajwsj -bu 

(JLu-I v (I cciilJJ ^^b.1 ^JliU jtsl Aji Ub Aij . *]LiJ 

4 ^*-4 ^JuiL 1 JLjc^j i]LiJ Ob' JlSJ ya tLJ^Sfl 

i^Lio cl) IS' Juj .^JLkjJ) O L L>LT...^ 1 1 ^Jp ^ aL jJaJl 4j y>- 
A-j J%^ 5j c olpj j&. £* ^-L^Svj c-^ 
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^Li^\_L^Vl Aj*5b~ j jU-l ^jCS^ OIT 1 ^ *»> J 4-L^J 

J5" ^2^ilj ^Ssj jl C V jl .Ajl^I l+ir Aj O-X j^j c4jLLJ| 

.lili L-i jpl ^jSi jl jb>*j Ob" bAiPj cjj^^aJl 

iiLiJj Llf jJiJl LJil jlSJ ;< 15 " IJla ^ ^ y*JJ jw» -iJbfc Ob’ 

- c£ y* ^ijj Cj* 0^' (*J . Ug— oaJ ^jV' A*i ^jip 

tb" ^x$j Uli^l (S jt Ob" L gj^j . Ajb-lS 0 j> e_s^ ^j^jl 



.p->-LoJO lathi 



-Ll^j j ^ ^-L5 »-j jLj^C y^2s>xJ^ j,£ ,Ia.I^> AjjjLl jj^aJl C-J15T 
4L...M ll c^lOa^l j Jbi-I <3*1 -XlC v0^>- caJ JjJI>- V 

^JjSfl-i JS‘-X>b lb" iiLioj Li I li^Jj .(Jb®^ aJL« ^J l 4 j ^> waJl 



CblS" J-5J . J ^ o^ jj> 7- jll ^j^Laj^l-jj ihji3 

coU^ jj ^-slaj ^p LgJ jb Jj jj V co^Jw? L^p Li>tj ^ill coljUxi^Jsl 

# # 

OJLw? Ji 4 *a~oJ0 <lJ| oJUfc jl Jjj^ 1 Ijjb Lilp 0b"j cJlbj 

* . 

.b ia^>cil ^»lj jJlJl iS ^ Jks ill AjL ^ Ijj^ Jbbio 

Aj>-J ^_lp -Lj>-jJ! i ^y2J >r -* Z > l l j»& ! jjb ^JLij 0b"j CP w b-l 

.^LLSfl J>I ( *jai ^ jSJ y. <dS" L$iy>rj 0'j 

Aii^SfL; ^iL^sl C— iS” Lc.i.; ^waJl ^lJLj .£]LiJ jlS" .Ail 
^ * £ 

tJib" L-LC ^ s^aj l)1 aj^» (J^ / ^ ^Jba3 V ! 

C— >«jl 01 Ob" 0 .^UijJl -l?rl 



OJJi I^J oij . ^ Ajilai A^oJajb" j JwO 

0 jb" ^ 4 J .Aj J, jj*u OIS" b 







% 



p\ ovi jti\ oir ud, jii ju- rji jr Vi 

* 

ijjo j ^>waJt ^ 015” c^lLtu 015” LftjLj L?0 y-\ 

.{£ j^S/' 4-sA>*-! f ji J5” 

iauil C-^- £-<Jj Ol^Sfl £j* 4*W+ J jl C^jIj ^L>S[I *A>-f ^ j 
jj^waJl ^?LiJl y2ju ^ 92 ^>- dJ IS" will .0 ^>waJl 

^^**.5 j*. ^ o ^5” *-XaJ . ^ « ll 5” i3L* ^ i j 15" 

* * c it* 

. LijL^» 4ji)l j (jjl ^p <^q1:>»j 0^ U-aJ c(_£ jj*-l d ^?w? ajIj 

* * * * 

o jjb ^3 jjiil 015” j ^^5” tL-il (J,! ^laJl c~5” UxJ — L#Lc li^>- 

015” JLaJ . ^LlaaJ' J jj> x^ai\ fjr \ j J jjjJl cJ j cOij \y>-\ ^j' jJ* o JL\ 

015” Jji 3 . 4jl Jb\ ^JLp (Sj ^ 4 £*_j £*JL> olj L»Jjlpj c^oJL <yJl 

s * 

^yk JcJ ^l3l cj jiJO ^ cL> jAj 2 j$\ j>s>- | ^UlS” J jj^il 
olpli ^ j j-s^Lo ^>515” Lgj 015” J, 4^JL .aJjipIj 

4 j VJ l£j' V C~5” 4^U2aJL) gi O ^>«jaJ 

c0l5L» J5" ^ oljl>r,:.^il y ^Jai j ojJu^ g'^>-l 4/jjj 0V' C-»IJb 

f * f , 

tr ^* ^2 J - \ ‘.lA-* ( ^ wO ^ 44 \mA^ I wij ^aJ i-\j J ! ^ 



C-015” Jl < j0»>j . ^\ Saull ^jA 4jiil>Jk) fill J5” ^S' ^-<JLj 

-LaJ . (^ j >- Sfi OL^^t j (.{£ j >- 1 ^UaP ^j-4 o^ols^ ^Ja3 i]LL4» 

, IJb J J O^tJL! ^Ja yu 0J^ (jj C -- 

.4JLJ J5” ^UajJi ^jA o^OcyaJl ^JLa>- ^ J-^ 

jJLo 015” L» oi J, j-j-t C^-^L) ^UajJl (_£jl C-jIAj O' -AajJ 0V' 
( ^l^t_J-Sn ^j5y .L»Lf jt-laJL* -^->- jJfc liLw 
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jlSj. JT ^ OL^Vi :gl J\ 



iJb-A jlS* lilj n ^,>ti c-l ^ ^jIjJLp ^J^Lxo jjjwiJ 

j^5"t ^1 t_. Ss^\ * ^^^[1 o-LpliJi . 4 jl1jla jS* 4^AjA>- JLpI 
bbl i . .^7^1 Ajjv^j ^j 1 ji jl c j y*0 4jIj UU coJp! jJ) 

JaP c JL>- 1 (^1 CjI j-c2j>- V ! tdl oJpUJ! c4jLL*> Ojo^ 

. ( . # t 

oJpLSJIj .(oJla ajJpL 5 _^~Sl jl ^ *JLU r^-<^ .* JuiJ) oJjJL>r Lj?jl 

jl c j>-\ jl>7 ^ j. ^ j* *^5 ^lX>7 j+ 015" lil : a±JI±I\ 

S* , . * e 

,C-_>*Jlj jJ-l <J ^ Vjl ^jL< ( j-o3 . VLo^~l J5| £-5^* ^ CU>tjl 

jj-* l£ J^Sl Aj^v2-Jl jiJl ^JUjI ol-b tCJ jJl Jjj-* £-* 
o Jub jf Uj j tili ^Uip caJL jL ip :^Ui*Jl 

Lo.5" L»Lc . Laj^L>»jJ ^1p jJjjJi jlLjj jl ^^c w V cc-L^Vl 
yt- lL^LJI jU ^UJJ 4jj^- iSLo^Sfl <jjjj 4 j>t j S*l y y ^ .1? p 

Oljb^Jkl ^l)l C<jL->tJl j y& y *>LJj ^JbheJL^J oljL>wJll 

^jlpLkjl ^L~lS\> iJjt C-lS^ wLaj .j^?*waJl JjLaj L^Jl5* jJLj 
4jjJ^Jkl jj>waJl ^ 4j ^UajJl j$2j* ( jP <W?ULl 
lJL>- ^ j| . 4 fll.7^- Ot-Ls^J 

^lp t j^Jl ^l^jul — > co^vgiaJl ^ Uo 



3^>Li^. 4 j J jjil jl i_i ^pt tjiii 4^, JijyLf- Jjtjj 

4-^iljjdl t Jj^>- jl^» ^ oljUn.T...- 4 

2lJLiiJl ^IjV' J-^liL- .jyj}\ tjiyr- ^ 2Lij4 jJlil J.I >_j 

.ULp j j_^1p JJ Lijjjjl ^ iSLiJ ^ Lil j cl<JL>- US' UIp t J,j^' 
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yn CL->cJl 0 j y£> jl AjLlII y*->. Ol cO^/l J 

.4jIjJI ^ ^ ^tLs ^10 

£_S j-4 j-A ciJLio 4 j cL— ^ c£^Ul c i— « >Sidii ^i^il lJ?-L^JI OJ 

LlL^JT O L l^CLu— L L A-1P Ajj-Jg ^U>jV ^ A^IS" ^llip ^lp 

©»~XA i i imi S^ 1 hXd 0 ^-S" ^ «-XJLPj . 1 ^ A > *■» S" 

^JLp O ^Jli!l AjL® c_jjlij J jlaj j y AjOL cjji ^ ASlg;Il 

. iyu^p CLjIjI y^- o^jJLP J5"L* 

Ojl>eJ-l y s-^-i (J? J* oIj 0>CLo— >» CL—j IS" ~Xi! 

*}\ y\ y c IfrJLp J^jJIj a_pjJ0 clJIS"j .aJLSjJI oLJ-I ol: A-ckO 

ijjLa-uJ /^P Jj Jj V C oJ^-lj 44. 3j A A >jg U C— j IS" oljL>r 01 

o JL j>“ a ^. ji 0JLj~x! £z-*^2j c l. . * *> ><l3 (...jlJl^o Olj .-X>-lj j*-L® 

t <? ** 

jl A^3 jJl LgJ jk JjLj I Ojot.^g CL~jlS" JuLJ . ^ikjdl Ajj ^ I Jjv- 

y oL>xiaJ L^JlS" OJj Okk! ^0 ^Ul *1^ y*> Lyy&y}\ 
^•ObLO? bbljJL^j ^l)l co jowill CLaLjI y^\ t " - :^v v ^3 1 Jjj . A-slJl j jjr ./all 

tc5 j>~\ ‘-^'jjj ‘lK j 1 ^ 0 ^ s-i ‘(Jj^' 0-^'at*) 

cjL)“C^ OLS" 

OjOC^ .O^jOLs^ C— 1 IS" (jjSfl CjLj~X5l!I 01 ^y cA^L^SH AlaSlIl Oj 
OJJp y Or 4 L$jLcO ^Ij . I 

A L? a O^LL^Sf^ o<-Xa C— . LJLp l la ^“3 O^^j 0^ 

^ JjLi cJ-« jil oL*> ^^3 * . ) ^j>- jl cAj y^a}\ oLjt-<i->tlJl * : ; 

.Ul uiy 
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jlSL, Jf J jU-Vl :g\ )\ JoaiJl 



C — '£ AjLS ."]!>LlS La jjb JjSfl O jjAiJl oA-fe jbl A jl£" JjSJ 

JLp ">LaI 5* . ^ll tc^LL>w--Jkl aaX> <^ a^LS 1 

LgJLS" 4 tflalll i ^as*tJu\ C-^5" aij .ol j-a IQ ^L-aSH ^Jl Cj>*5sJl 



Oi-M Cr* L)'-^v V l5^ 

tLI Jl La LJLpj . lS\ o g *. a CU^ £ ( jA2jSfl ^la*A 

^ ^Ja_a3 l£j^>: L^i ^lll 4*JLjl ^ip (^AajI j 

<J e^-' A ^ gr-'j ^ ^ 

4jLy2 (_£jl j ^ L j^-l 1 “ - *^" . J 4 ^ «/3 >kJJ A^-LJkl 

eJM L$J j cfljyw^ o*}l*aAf jwLj jLi^Vl C-JLS" . JjVl 5 j-o-L! ii^p 



* * f «. 

0} . \ L yj> ojoc^aII L)Lm^j ji dA-& ^1 p L_3i^^“l i-LaJ 

OL^Vi ^ cA^r j}\ J* JSB ^ uu- llai l*u ^ j£j 

jJjjl Ua^jJ iliVt JjI _ ji Ja*j Jl Ja_)l c.«jT Aid .Ljca ^LlJIj tJL*Jl 



.Jail LaLp j^JL» 190 $ j-a*p ^jAj jl^>- ^ c^jaLl ^ 

LI j tL* . t •• — La aL—jl ^ji LlJj c^jLT oUa>*JLJl eAjfc iilL? jl 
ii jJa jju jl ^Ljl c-uS* t J>- jJl ^ j 

jSl c JlikVl akiJl ^ Ju yiJl ikAJ^I dlt 01 .^Ul ^SJ: 



Jjl>-I ^iJl .^13jLiJ (j^ 1 (^ V j^-^l ^LJl ^aUs-a JSl A^-l j cLtj^ljJ 



2lL ji? 4 J-P cSAJ Oj jiaj t yi ~ I jJJi ^ 4 jiaU^I Jl 0 ^ jjJL j 
c^JLS" c^j <*/?L>- i^Lj^SsjL^I iL?- j ^ ji\ jl ^Pj aiJ .juVi 
1 .. — t ^N .' . * Lj (^UhXl . (^*^ T ‘ ‘‘‘ ^ ^ L £^* 'A' 
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^JL Oir t (Connecticut) >f a/Vj ^ j^waJl 

^J-P j-* ^ ala;il O-j IS" JLaJ .ajl^ o ^J_4 200 Jl y~ La j-<>-P 
£_^bJl o JSJl ^ L^l cui ^LgJl 4jjjjb-Vl oliLi^STVI 
ju Lgjli viJUL OwLm^ 3 jl ^jI c- 3J^I AiJ % j^S' 

jU>tJl ^ CJ ^iJl 4 4 j>s_>-LlJ| <J,jSn 4^1AjJl Ojj^ailj 
4j cj jJJ jJ c j> I jjS" Jl>-L-j 4 JjSfl 

. J-o-*Jl 4£-<Jj ^LSl 4-»j L: >- d->wAj>-lj 4 b 

* t * e. 

Jl t,.**, - . LLmS» *-X^I |1 ] LaJ j^j O . ^ 1 * ) U-flJ jj-ta 

. 4jc*Li-l ^ L>- j] A*I^L« Jl 4 43^ jtSl j^5*V jl 4j*-*>' jil jJ 

La ^a_p ^-*j ^Lll J 0 il ««>- 4 jl^A® Jl -LflJ 

. (3 Jail £^LiL* V} jS" ^ ^2 . A3 jjuSl* Al*>^ 0 yL* 200 

\ ^ jJkl (jL*jl j 3 yi JuflJ 4 Jj>-L*^Jl (J JU ^i-P jLtll jLxllj 

wLdi , L^_*3 o*->«3l d-*>~ c LjJl>- Oj j y* *,<a Jl ^jla »*> 

Novia) L Liy ^ :L>^lj 45 jL>- 4J5? jbbl Jl JaJl J*^- 
* 

Lo yu La j*s- ( iJL ^ill) a^I j jJ-lj A^bj^Jl j ^>*_s<aJl £_JL c(Scotia 
oLt> jl 4 jJJi y JjaiVlj .^Ja-wJl (ajl» jjl~« 200 

LjL>-l JjJj lf\*l\ (J* JL* al> y ^JLpI LjJ 4 £ la ill jl C^J-LpI ^ L .** J l 

f at 

•ij**- li-UA>' (i .L*Oi Cj)r~^~ J* 
t(Paul Olsen) Jj'-! ‘ «-1 a ^ oX a i I 

^ L^pj>tju cu5"j . L-4 J ^5” ajc^Ut ^ jwUJL IJj Ji j 15" ^ JJl 

j ^jIaJ JLj JlLs c Jjb Jl jl J-i obbn. :^l l ^51 ^>L>oV 



Jbu 
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JS" ^ OU— Sri :£jl jJI J^iJl 



'jj J’ CjLjJj V Ai! . cJL*J (ji 



. 0 J iiJ- L$J 4-CJi jLi^j 

cCjI jj-^LjjJl ^UaP -^r J *Ai jtS" 4 j1 ^ 

jjj-^jLj ^i?LiJl ^4 oJLiX AJaia-u c__J t>- ^ip L^>!jit jtflj 

cU^ Jjbj LI Ua]g>- .IJjSw li^j ^ (Parrsboro) 

« * 

L- jlS* jJj . 0 j\j* ,ji ll cjIj ^jp li3*j 

^^P c 4ala ;Ilj jl5" 4 jV i Jjb ^ Lulj 

. ^JL4 Jjl*Jl ^*jp i]lJ*P l^J-lpL^a 
Jill ^ ~UL> jlj *4JLiLJ^ ^lala?- J ( j£jjli C- 1 j j Li JLoJ 

c Jill .ijLtjj J-j coljL>t LuJ-l ^1 >«j| ^ -X>*l jt LcIj 

43jJL5C» C 0 jlliT JjLj C^Ltuj 

4 JL >-j Jjl c JUl i^Lwajl ^JL*j Jj jl liL» — 



. (J, 4juU C^Ij l^xJLwwoJJ 

C^ojll? ^4 Lj^^_**J Ijj^J Q^lly>w< 4 j j xj C~J*i I jt^Aj 

^jJlUI t l3LtJj J* £*>3 .LI ^ cl*Ja cJlff j .iJLiJj J-j 

C C(^^*!lA-wa .iLpt ^5~i i <Oi ^ ’. 4 Jjf Oj^~ 1 OolS" 



^jJab.4 jl^JL>*j ^4 LoJfc LIS” JLoJ , JaJU j» j Jj jjiJl JLli 

.f-l-LaJl ^3^1 l ^ * - * t iXjb 

L« lx JjbJi-4 jSljlsJ <L^3 JU* Lj li y ^ j C^Jl^ Ail 



ijjjji 0-1?- L5 i^ jJl aJUJ ^rJ! 1 — l/ 

ui-<aj til ^ a^”_j .(Fundy) 
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i jJJ LdJjf Jii p i L* fiCr- Lijk" ^ i'JLl f ^ ^ *!jjfj iJl Jl*kj f iJjb 

UjJ^ LS* jJ c L$j LzS* <£]* '*# £_jy jt j-- ^ j3-*v T _Q - -_- -ft ‘wJ p jf ^ d Li/ 

, _y j-t2j . Ldl>- Lit*- UUj f 



li» ^ t -Oj 3 j j) ^aJl ^jA 4 JJ L& Vj j ^ LL^Lf 4 L. JJ 

j-j ]oj dOLfT JLaJ ^jA JjJuil ^ ^Laaji jLs^jL \j\ Jj 

wJl>hj JjIj OlS'j (J ^lp ^Lk_njl 5 j \ « */» cl Jaw ^Jb 

i^.tC jdi otf t ^ ^ t oi£* J j^T 



■r^J 5 ' 



tLJ |3\^- Li ^ 0^ j*%nl (JjL j Jwj llLOjj W tU^Jai Jjl! 

ClOLf pi { 1-^ la j t^LiJaJlj dJaJLH ^ip ^ j ^ Li jtp 

^ HJ b L>x. T ...-s. l \ ju a_£ Oh (j^* J i 

Of 5 * JJLM ^ ^ja of J^JO tAP 
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jtC JT J jL^Vl :£*1 J\ 



J^Lio Ljj j^oxJ I eJ ^ >^i' ^ l&jj 

oLJL?^ L» ^JL»1 OIj L-i^lpI ^u^Jj ciiJJJj Llo3 Jjj .J-jail 

oli-j-kjlj ^JaJLll L y^^> ^JS' iS y^~ ciaii OjJt-^2 4* J?) Ljc4 

^JJ! c^-IjLp 4j jjJl 3 jJLi US' Laj-uj . ^Uaxll L^i j ^ W t j ^t-s^ 5 ^4 

L^jI VI c VJ j 1 ^ ^ j*-^ jJl 4jl 

i]Liu ^Lp LoJLj cojL^rJ ^ ^JJi -L*jj . 4 ^ .Ja p oj>>* C-JtS" 

•>^ 1 Ji 



^L>r ^r>- iJLio jiff c(Boston) >1 cl! ^*^- LP 



l^Jupj ^1 5jl jj ^ ^yaju j^j .frlJLiJl ^L>lL? JjLJ 

l5 Lp J,y*-i^j SljjUr tj,y>*l 

> 

CS-^ <■ J^. y J^' -(^ 

4 JLJ- jj-L*j I jJl5" jt-gjlifjl cA-j y?' LgJlS^ oJb -Li! ( - ^~!l q P 

^y-1 jj3j .^jJ^r c£ - Jr! jv^ J! *5*ry! l)I ^4 ij-lk -^i! . L# 

. C— sia5^ J C© 



4«J^1^ — Lx^j ^ C — 3 j c ^ j— > t,,, - 

0 -ifc l - , ~ > ~- j l^ wLflJ , I J 0 jOCyiJ j Ll-*^ 1 A-*3 , 4^/? 

-L>-lj jwL>tj oJL^ OLl^VI jV J jJb L^S" li?-l j OL-Sfl 
^Ip jl5"j ,jjjj>- o-Lp L^J oLjJjJI jL-^i \ <oi :.j co-LpLi!l -Lcp 
^Ll*j >* bfcljl jl 0jOi_s^ l 3! L^J j colt 

:oUrli4 c^- oLl^Vi ^1 j^’ll ^ ^Ji . yy 




jJULi-b 
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ojjfc <o->lS" JLi! . JS"LJI ^yk Jt UUl <— JM o->lS" 

o-Xa <o—> IS' .^j ^L p 4jJlI L^.ji>- 1 j o ^ » « ** 1 



-\ j 3j-L> C— A-V^J 



ijj>x^a}\ ^Jai JL>-I iU ul j-* ^ Vj^-£ ulS" La 



. 03~ o j->| ^IJL^oAj Lftjwa^dj ^I5j c^LSajJl ^j-a 4jLia lS^jJ 
,*>LaJLa L^-l^r LlIIaj Q A A >- (^iJlLij J cJJbM ^ kiJJS Lla -X>-l i_3 yu jl 



. J^J J-UajL 41s” viJJSj 

fi * * , 

jl COftJLx J !V jl iJijb AoJju (jjJl La 

cJJiJ-l V ^-oJijt]i oULJu ^T yi ^jA JjJjJi jl o-<Juj iLjL 

^Japl uli cj l*b L*S" j . oIjL> t , ;oI 1 iS^) ^ J-! 

. Jlxj oL li ^LbM ^J-oaJI J y>- 

^(Tritheledont) cJj^LJj J jlS' J*j (jSl\ c< jJi 

* f. 

UjJ oVI JLJ~I ^ L S cLuL ^il (j/* <3 

3 yu L)l L clJL>- Oj-^LS oli 0 JUfc oblif JLaJ *LJ 

cLoJl 1 - ^ - 1 ^ 3 wbsJ . 1 ^ 1 a Itolj^-A ^ JUl <^,o > ^ 2 ) 1 , ^3 Laj ^ 1, j 

c oIjL>o»Jn 1 ^L>o V p-lioJl jJ^r jS' yb>-l jl JISCaL jlS" 

. o..l*9 o^3 



LjJj^j <Or^ J»! c 1 985 fLp Ju^ ^ 

^^-a p-J>- 3flJL*> JlSj cO^s-Jl (^ j-O^a ^1p oJ ^ tjXl 4jilajil OjIS" J-SJ 

03 jJ ol LlJLp jlS" j . c..l>- 0 Ju jlp ol JJ ^ t_i yLl 
eLil oV ‘^il jlp jop jLil LJjbj 
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OlSj. J? J OtJ Vi ^ J^' 



fL>Vl Jjl IJbl .l^J jl luip ^Jl c^IaiJl J J>- aJIp 

O^OC^il l IT* fl ; ,iL>tJ^ (J ^>- Ijj^ L«JJP OjIjI 

* 

ll^ jJLL* jiff li ^S"i 4j C- jLS" wLqj .4-*^»*5Ui aJUSj^JI j^s^vaJl 
^j A l - l J * ** - ^ ^ju ■ ^ iXl AaamI I \ L t 1 p ^^gp»Jl 4 a tf W i L 1 ^ 1 sjc<> 

^ip ^ yS>%J (^JiJt C^Jl *>*il pljl>fc l^i l £-3 J- 4 

4 wU.I £_>» aJLojtl J-JLjj y Q>IjI>cI^^4 
*5L1® jtSi ^JliA jlS" 4jl jJb — jvjjcll LJ jl>- jj jii-lj 

c^ULiJl .^LiJl J l 5^ Lj^***i> 4JL* j y>*-~/a\\ 

aJ C— 3^ 4 ^ j-s^ J5" LjjJl c-jLaJJI Lip jiff ^il c 4,1*3 dill IjuJj^-j 
^A jaJ ,^lp j^i-* 200 o y-o-P ^>1^ y, ^-^- > ~ ^LJi t^-ijlil 

jt ^jjJl ^jA jV S^La OIjI>«-Ia^4 3 J ^jp Lr* Lff 

^UaP JajL^ coijJl jJJi ^ aJUJI Lflli 4jj>waJl jjLlJ 

LJIjljj C-*5j lawaJ ^j^>eJj Ju jj jl fit 4 1 .jat JJlS . c^Ll>cJl^il 
jl jj^ 44^- AJli^Jl 4jj J\ saJI jA>%j j 4 Jlil 4S" ^J3 j £3 j-<JJ 

jj ^JUl j '"jA l >» jup LiLtiffl tL>* *AiI 

0 j^xJ ^ 4 JL>tll Jl*Ji aJjL-A ^\£s>- ^ li^L) yu (Lions Club) 
Parrsboro’s Miss Old) fVl j$\ ^ y*H 
aJLiJI oi-^J jljjJl ^1 p oJjJl oJUjpI JLSJ .(Home Week 

^iSLi-lj .^JjjJ-l ^I^jj o^Ip jl^LJl ±Jcl1?\ju jSf ^ 

C— tojljjU ^Uil 1 -La LjLj jl jJjj ^j- 4 jU-^-4 jl>-j j jj^L*!^ 





dJUU-ta 
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. 1 a ^ «P ^jJL-U 0 J c^t-iLlaJlj LI Lj^P^ 
ry> l^>Jlli J j^>- jb L#j jLJj uLL-^a LjL>-l i_ . . ; >~j j 

4 ^^LJl *-Ll b -*.*u ^ 4 I >-^t“ ^■^““ b^ 1 - ^ ^ ^j\ l? fl . . . »* ■< Lmj3j 4( - jl>-b^ 1 

.UiljlJl ^ ol aW*;ll -U*j ^JlLu b> 

La.Jj /^P wiu^J V C- jIj ^lp 'y>yl£- yss\-^ L-j3j -AjLI 

jl c^*L!l 4 ^ jJl c— Jj 4 4-J lS"jj & ^t-^aJl cb IS" Jii . Lj? jp 

M * t- 

4 LJUL* j i I L^^L^ - , L L^c-^uwJkt 1 \_7^ L n - ^ * 1 ^l«-Ul o^L?**j 

t\ jj . j^Lail y* *jy~* ol jjJLj UU Lc.j ■ j ^> waJl (JJ Is jlaj ^ 

i j+^>‘ ^1 y>~ Jjuj . Lil>- AuIjLJl jy > waJl ^ CJ>cj j 4 La 4jjlj 

i Alilii-I ^J-j OJ LbtJ CU~*>- L« . ^o-b 4 JL.*.<k ■»*> 4 4ji*jO Ojbp 

CjJj jJ>cJ C.. L« Jjp .((La (J,j c-^^lL c_^P -lS 4.J-J 40jl)) 

j/* ^^>0 jLf -Up j^>wail c*jIj j%-» . ^>pp ^ ^LoJj 

, L^J-a t—3VVI coIjL^-^ ^LaP .f-Lja-J ojJ ls& jj^>-l j^>waJl 
Jj J . 0 jbw? I^llap ui ^3 J -4 4 LaLC 41P U— >X_J LS" La IJLa jlS" -UflJ 
i]L a jLf LcJj i y ^j>xi ujlS"^} ^$0 jl j jj>w 2 Jl jl ^bajl 

J Ju-oj J y>r k,/3 1 1 JLij . l- 3 yi- 1 JJL>*Jj Awai *uLaj 

. JLaJl J^- jJl ^ oLL>d^Il cuaIp jJj . Jl5^ jl j jj u>-L^ jca 5 
|jjJ-4 L^b ^ jlS" . LjC4 j .y^\\ 0-1a ( J^a LLi?i LJL>- 
4 _£ J^-I ^-1 jjj 4 UjIJlJI ^x-^LjJI ( j^juj 4 CJ jjULij jdl ol)l> r"^ a 
jAl jJ^i ^a C-J jJlJLij j^Jl oLLhj1ww 4 cJLf JLii . J,L>^Jl uJu 
C^5\JLal Jj ^Jl?-IjjJ| U--3C4 LpI ^S l jl <ZJ j^£>\ L^jV U 4. ^ -jJL 
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jlSL OliAl J\ J^ill 



.oLjJldl LjjJ (^AJl Ajli ^ jj 

— Ijjjjj' ^ c jtojL« Jj y Lg L L ^ \ ^\ lILLT oLjwUJl jl 

jL*»SU jL^Vl IgJ 

jSUl l?Lc^l oJlaj . 2LLLJ oL^SH ^Ip j* qjj ./a^ ajj-UJI 
JifU J^LcL cjLjJcJI y* jl 1 1 

e * t. e 

LlL^ UajT ^Lj jli 1 g a AtO ^J| cLjjjjjt oLjUJl! oj .LgjLu*>l (JjLiajlj 
^ A-^uiJ 0-b»rj ^Jl i^lL <jP c^La-Lj jlu^Vl oijjjj ^ 

oJlA OjLil! LjjJ L® jl5" lMj ti jwaJij bjjjlj ‘LjjlA-l j*\ 
^jJ ^LjlLJI JjLj J Oji J-* ^ obl>*I^wll 

^ 1 JO C » >— k Ljf *\ i^Jtl C — J L*J wXrfJt 

olijJL^ jj^ La j ^JjLLxJI i?lil y* ^ jj (^1 



jJJL^c 4jL**i ^u*^L» o^JL*j j>S*1 j ^1 c^j -^jJb ^ j-*j L« Jjp 



ci^j-xJLij j cjLL>t ~**a Jj^ cLJ L i jJ ^9 
oljjjJl JjJjIj V t C -j J jLlJj jL 1 C^L5 jJi^- .^-Jail ( ^'- b - 

^ U>^PJ toLjJliJl JU-I ^ Ui" <, jJ.> J^-io yii' 



^Ja— Jl (_^-P tAj^l*Jl < jj> <tlS" ^i^ljJl jli Ccii-Si 

^ oljytJl oJbfc j . Lj Jk J ^alilS" ry C^j-LJl 

Ll>-LL* cL® 01 -M V .^1 ji L j-^ V (jL-LV' 

c <-^- 5 Lj wUill l ♦ ^ a j ^ L > d-’Li 

J C^LL-Jl ^iJliJl ^ Alicjdl c^LjJjJl oL- Lg-i 




viJUU-ta aSs<. .»ll 
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UjjJ ^*£>1 cl^j ^ JL>- J^Lio lajL^- l)Vj 

— £*iail ( v^-4 4 . ^Jl J^LcSfl f- j-^-> 4 . i jT 1 Jj>- 4 1 +&JLa ol* jJbt* 

jL>-l ^jA JuJjiJl ji — ^1*1? ^Jp ojwLaJIj 

jl JL*j . ^Ixlall ii-Lfc4 ^ J jiaJl jLjM toLjJliJl 

^1 jjl JjbLiJ Ulwb C-*3 jJ Jl ^ J^\ 

4iLs^VLi ccjL^Sfl ^y* o Ju J j>- jjl cL^jcwoj> 7 oJlill ^L^Vl 

cf-^» Cj^waJl ^ OwbJL>- (3 

fljOW? C^Lo Ju 4jaJL>til jlljJl t4*L*» j ^La 1 50 y>- Lk j*S* 

J^_4 Ip Jj Cl)Lw>>V| <— ^ Jjj-v£3 ^j-4 JjwL>- ^ jj ^4 jJlJl 

jjb oli 0 jjfc JjU*- L* OJ Lo ^>*^i 

p-ill J ji? JLaJ .L)ll*»Sfl 4 -aJh^ y^i Jjl giLiiJ )Lg-jfcl jil jIXLa 




AjlLulJ ^y>x-y^> jsJi p-u* yjf . Lj !*■ U jj ^j i^uL^S'i aJ\j 4*ht j cj jjyijjf y 

. (Lazio Meszoley) <Jj jJj V <^ijj jJ-aJl 
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jl£. JT j OU-Vt 



£?*v 






oj^j ^ jiJ oJiLl ^ ^*1 ^v?S r tj t4j& ^ jjLI LaJjij c-jUV|j t^bdaJl 



^jA 4jJaA UL>L>- ^ jl jLii\ A^Jij ^iJt to jOWlii oLjJjJl 0J-L> ( J-<^ 

0 4j»-Loj ^OJLSi ^j- 4 ^ Ojj . ^ Lj>o jU 

01 0j.i o j^rr^ ojJ^*r OLl-O Oj^j 0^ 

ttii-*^0l ^ j^OLIlj *&\ jjaJl ^jl^o t^-Ul jjliII LlaIxL? JjLj 

4jik£- <^\ Uiy I O J^l? Ji oJUtJl A^jJjJl Li*>Lwl 0V ^Jali LixjT 

a_?vi >>> t^j . ^ O^- c^' cOl^Sfl ^ 

^LCJjLlI Lfcj^P^ t j^Jl ^ 0 ^Jbli? >Il IwUb 

^^p eJM j^Oj t£kl ^ ^-Oj-Ii^ Ja-C IgJ ^L*Vl ^ Ol^ty !4 -j ylSl 

.odiJO ^ o^^r^ll OjLij 



i*U)l - plk*)t j OUJtfl 



oll^Vi i* oi _ J jjiii A>-ii-i 0j^ 

01 .L^j*>L^ j-* gA */a pSfl ^SL ^jp L>- £_j 11? c*>li 

.4*^1? tfT; ^iJl <-l^>“l t . JL»I OL^Vt 0 

t .,/! HT 4 -JL^o OL^Sfl 0J . A^tJJL^lj 4 ^xjj& ^JaJU 4 -SjL^ 

ytil OJJi ^ ^>*1 0J-!i ^ 

( j>* ^5\J 4 j jJjJO j 4^JL) JjL| 4^1>wJl 4-jJl JJL>cIj tC-^ULl 





jllPb Jl 
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j-» Laj^pj c la < Jail j ttbij*>LS <-4jl JL» \ g 1 w>«j U? c^UzuJlj uLl^SH 
A^P 4^ j UUl Ldl 4 jLI? oV $jiTt |jj>- 4 -JLs^? OL^Vlj . jjwail 
bJi ^ U ^ J*J f- J>- c£^ J-* C-jULiI ^ 

5# 

^a Udl cL*_d* . vl oil La ^a ;j**Jl Llj* 0} .^UixJl 

4JlJL» t^ULT 4 Ju-Iji!I l aJall J .LjL^I Lg_La (J ^So t C^UaJaJl 

. c-jijL>Sn j LLaji 

jU-J.LT — 4 JL /5 2Uj*^Jl L^jJlS ^Jl coli jjU-J.1 /j.* JuJlJI JLla 

jl>J.Li . c^»ULj V L^TJj .}b* OjjJLblj 

. jcJxJl j\ ^ oU jj j^T (£ y-'* 1 ^ y* ^wbLUi oLj^Llj 
^>.jU»" JTJjb L^jjJ c^Ul oJla jli tLjajI Up l-JU^ 

.LJU-b j>J>J Ll}*>L*a3 t j>U dl ^laju 
LlaI jil Jj>-b jLl^VI j^r j-i — 4j*)Lv<aJl j* Lj ^j^UUl £^jJI J! 
cJT^fl UllToT . bjj-A j* c SjJj*? “LbboJ Jj>-b ^ibdlj 

^Jl <w-*-**> J-sUdl ^laju a : : ll j t Jli^lj 

^JLaj jl LuS\_C ;C^>I jJlJI od^Jj . C-jUbl ^ip {£ y£- 

. L^IT iiLc^Vl j^j Ui^j iJjLisil ^jULiJ ^TdiJl 
^jJjj ; ylbj y* J' J~*“J c4^-o-^ JT jl 

L^jjJ . j^-J b$ Jij l— T 1 J-A 

?4ir u* jj j^ j£Jj .ojUu 

cJuTj jj! 43 jfc£. . ji->J.I ^1 p 4_*La 4j ^X 3 c4wa3 JU_A jj 

oLiJ (ill ^gip jjj.sU 0 jTd^ ca-jUJI jL^Sflj fda*Jl o>LiJ 




Ill 



jt£> JT j jL-Sfl :^l 



CjLjI j*A- I ^oJ>J ( J-Aj ?4^«— uVl Owijfc 

oJlA ^JLp AjL>-V^ j[ ^a 5* ^Lp ljkJ-pj-»w^ ^J_A ^1 

500 J,l^>- U ^ £-Lj ^Jl 4 j ^ i>i£j y&- S/t Jl J* 

.4-J*j j^JLa 

^ t . 

L a ^JLj c^lcjlSJI ollgdj^il ^3 Ip yJ* oIjL>tjj.~I1 jS\ y&ju 
c .-i. t:^ ! .(Conodont) cJ j^Jl ^ til** 0 ^L* 500 <J,I 250 

jil-P ^yk ^1p j jili { *jA ^ c^jj^jj j^Jl 

c^jjl c (Christian Pander) jJj d jLi^o ^S” ^j^Jl 
i/N aLJ- L^J cA^iJL^? s jol^ oUSLS” LgJl .J 5juiu. 

J*V C-JjJjj olJb t jJJLi ^Ijl JL jtj I g ■ » 4j«^jL>- Js£ 

blJLpi _L4 jl j _$:> # j>^> j*£j Lit di^cV d-*>- ^L«t i]L* cojli 
• J* 4 jJU»tJkl ojjti ^jA ^\ jj V I OLU jy\j . L^jl* aJJI* 

(^aJuj>“ I JjjJ . ^jA jil 4 jL j]? ojCaI ijxJ Li ojjb O-JLL? 



jlr IJjj . jjLjt* jl jl cC^lil y£>- cJ 15* lil U J frLoJjJl 

0 j£j jl JJSJ jl5*j .4_Uj*a Aj ^laj JL ?-lj J50 
. jlJjjJl jl iOljjLiiJl jl jl (jL>*ll ^ 

^ aI-IS" j-^-laj CjIjI j*J-I <JJj1 Jj L«JLp 
jtip ^ ^Ll»I LaJj^J yAJLA f 'i t ^ J A1*P (Jjl jj 

cJlS" Jufti .(Edinburgh) ^.l?r yi ^ J~*l 

Lc.j .(Lamprey) LS ^-l>- <>\£ l-b L. L^J j^oj j>^a}\ i]b* 

V l-L>r i)Lo-^l Igjl — eL?-Vl ( joJl Ai Vl L)-L?-l j5 "-Lj 




Jjlpb 
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JjI P Jij j a a ./atL ^j!Lju j .LgJ 

c^1jU*xI.^^ ^JLajVl Lg^S" jj ^Jl tAjtJaJl ^L«l L>^ j jj«-4 jlS"j . 1 g ^ ■ ~>r 
olJj . Oj jJ^kJI lf)J . J ji- ( J^LjL) A3jjLa IgJlfT C^-b Oji v? 
t LL jil ^ ^ j j^waJl ^ la i JUbVl Aib ^ j>-\ oIjL hT .^ a 

•f t 

LtsXkJsr C->li J-L^tll oik jl . oJj>tlil oLV jJl yj jp lI-Jj 

. I g ^ aJLIS"^ y> i_ ~>S*I jJ Ia*^»->“ L^jJlJ „ <LjLjtli A_o-*» IgJ 

. LL_i cL j j jJ jSCll c— ilS" Jil ; Lc.<>w?l j it-iJl c_->*-w2l -i! 

. i5 ^bri l5L»-^V bLi c-LLS" Jj t jii (_£l c— 

150 ^jj-i-Sfl ^J->t-*-Ll ^ jL_i ^Jil LjjJ jlS"* Jil 

f * 

4-ii jJb jJLSJl! ^iLiLl <^-~*-ilj ‘ Lj5^ ^ *i3ji (jl t L»I p 

j V ji^Vi^ tiiygii pij^-Vi ji ♦ oLl>bju^.l Li- 

O^lp cs-bt^Sflj Jlii-lj ./a»jlS" ;Aj ^LJ l jj^-Vl L«l . aJ L 
AJlJLj ^ylji LjJll . <ZJ L \j>x.Z +~ ^..‘T l^laA> ^JL> jl jj^ ^Jj>r ^ j > 

pL*-«Vl -Li JJLJI ^^SsJj t jli^Vlj ; aJL>k-i*^.II Lo L.»?l JS'L^JL 
IgJli caj ^L i*-il L^L JL4 ^zJl c5jj>LJl oVIL-I ^ .i^ill AioVlj 
p.^JL (_£j jJl>-Vl LJL>s_*>j jl . jJjL^ jl C^l aLjj O^Lp jj^J 
.^L^>-Vl L*Ip 150 j-^Vl L5 jxi^\ ^^SsJj ccjj^ jj j^Jl jL-^L 
C-bLS" ^l!l c^L^rVl J y>- ^Lil 2ji-jiliL J->- ^>-1 ^La 
oLI cjLT jit . ilL^ ^LLp L^jjJ . Lgil j5C!l 

.sJLs^ jL^I LjJ jSO oli 

c- j-jio ^ ^ jJ c^l oLirT^il f.Lj-P J^L>- -il 
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J Olu-Vl :^il Jh J-aaJI 



4^-jJIj . JjSfl fUil ^ J Jj-L* (Sj^ CviJJj 4-JL^? 

i ^ giajl ^Uip j til] j5Cij I £* oLtJ j5*LgJl ji I jJJIipI 
CJlS" (1)1 c((AJ JJ y> yS')) LlL^I ji^J j jjJl jl 

O-jIjLjI { <£'^ J <^P (-5 4 JL/a <Jjl Oli - 

. LgJS^V Jj cl)1 AjLoJ- V ^La ll ^Uixil oLij Jjj . OL^Sfl 
c-~lS*1 V jt jlSJI JLi>® i^JLow^Jt J5"L iLo-oJl jILp Ijj jl53 iIJm^j j 

O j jJa .^tJLJl JL^ lw\j jjj fro j\n*/a]\ 

^JLp Oj^j^Jl .l]L^.^Sn >• 1a*j o^jot-uaii .iiL^-^Sn 

Jl^r Ia»ll J JLaJ .IJl^sJfc j ^ jjjJl _^-*5sJ frj^t 

S# 

. L<L>- 



olil^i-l ^ya*.; ^J,l ^Jali t0 J^! 

oUl ^>- {J? ixJS j .4^©Jajcll ^ j (j,jSf1 

^1 ^1 oli j£"UgJl <l1p oJj L* l? jj t(jjSn 
c (Ostracoderms) {J ^ -j$ jfi\ j~*j\ lg-c~*l IgJ I . 

jIIa!I c^-*^ l)^1-« 500 ^ 

oJut> j-Lj .(Bolivia) LiJ jj (J,J JL<o>ill * la 111 

. jLil £-<• ^lajafT 

{ Ja±* p£ ^j>} j* ejL p ^ jL-jST' ^ Aiku 

^ 'jJj^ ^ -£\>> L f i ^’ j-V f^' J- '-r- ,L *^«J 

* ✓ ^ ^ ^ ( 
^1 ^Jl 1 >^a :Lj jp L-i eyiiL* k^-*^J i i j...-j cLgj^» Ijl?-I j 

.dlw-Jl ^ jf tUL^lS" t U^ 
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.Ml oi jj> tlilp jJLiyf ^ Ajd\ j\j*\ ji 

^ -L* .5Wul1j ^ 

Lj j VljL<* ^-Uo t ii Ota taCJjiJl .»Sfl ^jA i * j : * 

l$J (/' J\ ) cS-M ^ ^r-jiJ. /» >- jVt 01 -dJLJi 

(OJu^'iUl fUiP lil .A*»Jtp 




jtJ -iJjj** -i*- jj 1^-ijJj/jSOl .(jj{J fjjJj£)jL*jfj (jl—j) ^JjJjjjf 

( _jS™dJ^ 6u : ^J.mmfi Lp> JjJLhJI L*mJ& JjH 

r> J yV-V/ U. y^/ ^ yidiL-^j t oi ^ 9t 

H #_>U ^ ^ jj/f ^JjmU jj j^JfljJ l-Lsfdmiljf ^7 ^ * ■* J 

0 ( j LoC C-^ j-fJ JjL*+rtyf t*Ju& eLj SjI&J . <jL»* 4 ? 'v*-^ 3 

jj^jJfj £ (Leicester) jL~J Z*+L*r ^ £ (Mark Prune ft ) JJjL* 

,Jjj^j J i*+L^ ^ (Philip Donoghue ) 4 r v /j > 
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jlSU J\ J-fliJl 



Jj ^ IcJi Lw>r^ t m i 4 -JLj LlJ- Jj4 c 

Lll 4 jLJ? t*U : a 4 Lj jjij LjLl^I 4jIj *■ ./? Jt\\ J&y T.,.w 

OL^Sfl i j-ll ^j-4 ^ j ; *,s2 a a 1^ . c_— Ul 4 S .1? ^1 >-j 

* ^ 

Jjljl JL>“I — 0 Jjfc> . L>c* <L<onjdil OjOLvail 

,^J*al^Jlj 0 jO>.^3 OLl*>»I ^j-4 \£* y*^j2 A — 4Jj^jL>“S/^ 

l-gjL* 4j>«^J jJL?Jkl * 1 ^ OL^Vl cjLiJ U-Si 

. L^JjLoJ*- 4-L-» g LL?- V 



;L)LyJ*il 



/j-P ^A-JU^j ^Jj C v .**>i3 O.Aj _ij>- ^t**P 4 jLj jJaj (jL^Sn j^Uj v 

^j»pljL*J OLy>^^[ 1 J ‘ 1 * A P I t- L>*Ljk d4j4>* 4 j3j 

^4 L»-aI-L>-I qIiaJ^ L-^yui) c4J^L-m-j .^Ui DjJ^- ^ 4>*^-jVl 

o U‘>s a j j C(jCiLlaJ' jSLi 4 ^ ^>-Vl 

^w2j LqJLj 4 Ll^oJLI 4^jJjJji“l ^1^1 jJ^Ll . xsTi 4^>-jbb| 4j3-JaJl ^ ^j8j 

i y 0|i c^jJl j>Pj .jj**Jl iwJJlj ^l*Jl 4jj^|JLtl SjLiaJl 

t jiy^Sfij <3ijJ-i 

JS'y 

(j clJaJ l Oyl* U¥. J^biJ J* jL— -V i j y^j J* ^L-Vl o I 

(, L)^>liLl ^A 4^jLx U^b 4 jLL?j cLj^Ai^l ^j-4 4 ^>-jL>- 4P j-^r 4 4j?^vJ Vl 
^l]l cob^i'l olj j-aj ^joLlaJi f-l jJaJl 
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^ i^y^Lis jjr* u^*^- & jj^ t i k J^Jh 

tm JjLf t^ULJ? 



w-S^I j jiaj ijJU- aJLjJI Jij . 

tii yji ^JiPj J\ J t ^ ; jiJr^ 

Ajj t jL±Jj t jUiisi ^ j 

i^}\ (c->UJU) J^V' 0 J l 4 jLaJ-I ^ 
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jlSk Ji' J :g\ J\ J-uajiJl 



. -Aj*- (Jl 4^jLJui4 ^ la*L ; i 

Jji*3 . 0 Jj Jj>- ^oj£ iJLp jl ( J-*jij 4^ Jliil lJut jl 

j>r 1 4pLlsa 3 d < I .0 

-L*i tOi-k ^ iiJb^ Olu-Vl c. m^J j .(yo-yo) jjjJI J>! — S' 

4pL^J L^IjJuJ cj jJl J ,1 0 Ll*-V' £-u^ Lgj ^ ^>- 

4JLojJl oJLa LjIj JLaJ . J-Li-I ^ &3 j^r jil pLiapSfl 

^ 43 j\a^* bj^L>- i^ 2 ^ 

jl . 03JUCU viJUJ^ 43 jW*4 C^li jli£ V| 

^ OL-J LjjJ ^ cil-ijl ^i>- jl c Lio j jl jik 

l ^ jj JLpl Jl5 OLu^Sf' ^-w 2 j ^Jl c4jj jklJl ota^l OJ . JjS/' ^Liill 

(J ^-Sil c^*A >7 JjJaJLC.^ ^>-1 4 -aL& 4j wLL>- t _ - y 4 cl : ^ 4 1 

j^^\j l frJaju 4 1 ./g.;.,* OAjSHj jjio ^Jl j oLu^VL$" dJl>- 4-iil^ £Lu 2 pl 0 [ 

.aJL*V 

c4.ii jkJl (Jj-^ j c^jSf' 4 *jjS[1 (J j*,<3 a II <y ^LO 01 
c JjSfl ^ ,4jilli^ oli jl^ ^ ^U^oij ^*jl Lgj Lu^lc 

j «/^ )l Lj p I ^ tw** 1 ^ .«.*.» 1 1 wIahj 01 1 * *^_c^ l '& ^ LjI^ 

^!p L^-Oj ^UajJl £yj L u!xjt. <JclS ^Jlill ^ . ^-C JLaJI 

C-Jl-ill J-^ajlil .OL-o^l (J,[ y+ 4 JLJLJI (J 

^lll t4^1|ji-l 4 jLm^jJ 1 J ^a-o-J -1 — La >- j^l s-J ^-1 

cOO-^Sfl ^ cO-^J # 4 jlLi>*Jw 1 JbJbtil — f\ Ja P-Sfl 

^Jl c 4 ^- jJ jJl oLLuJl ,L^jLtsi>» Lkp JL 4 ^3lj 4^-JLkl 




wilU-b 
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LaJUP aJLoJl) ^ t, " - » ^ - J 4jtll>tl.l TtUj 

jjL.;...* c^jiii^til »LjapVi ^ju cUio»ll o>Lf>L.t.jl o-La> 

yj ^Lc- oL*j yj VJ c— J cLilp ^ <p ydl oUa-ilt jl i]l j-il> 

* 








^ jf>^S J* li'j JL~i ^l$Jl J,L>ci*l ^Lp jL»jj ^ 

l * p j up Lj I *l]Lla . jJl L^pV I JajL>“i tLj L*-L^ oliJl 

^ o ^p oLiliutjlj oLaL^I Jb>“Ll L^_l» Jj >-1 j J5" tL^lj 

Lwo 3 j ^jA Llo JI 4 l^ r«»>l j_XJ . 4»o^*-<k^- l 

o 1 j LJ> I t -X-j ^ a «,a*> ^iX***-*! L»a t - 

I tLja-plj Cj*D\ «,/ aall J,! liljcol ^jA P^fl U& jjs^Jj 4 4j jliil 



(Trigeminal) *qxi\ i i j^>\j | *,<?*) OJij>“l JLaJ 

Iflyy^j w\i Jjixil l^I?c OU (Facial) ^p- j-^ ^ 

# c # * # 

. JUJL?t- j j!a:C, jL-J^I J ^xJl (J,J iJL^r ( J-p' 

#( ji ji!i ^ \? »~>Sn oli‘>L*Jl ^-ja o J>La}\ dJJj oc-Ur ~xiJ 

0 jliil «-L<klp (^Jl!l 4 *uJL*s?I ^>»p. oj 

uSf ~Xi 4^oliIl Obtl-aVl ^j-P ^LJl JajeLaJlj — jt 0^3 

eJc4lv» C— $ jJl 0^ wXi! 4^J, j>- C^tHaJ 4 L» aJ fljai ~XiPj . LI 

# e <* 

^jJjC^Pj Ljajl LUL^ C^S "j .jpJj ^ 0 ~lS"j 

J 3 j^Vi j J jVi 3^JL5 ^pJlSL c~^f .ol^l cJ- ^ Iju*- 




jJUpb 
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^ip ^ Lg-3 i_Jl$ j) ^JL>- jA Jl ^**-jJj 4^.« 1 >/? j\ JLflJ 

Co Jo>- j cAJldl ^ja cL^-Jp Lc. c^LaJi C^lij c^lJ j 

* 

iLjb (J jJLU 4^l>- V .^-juJI ^jiaja^j c_J j jj ?**' ^ 

C jjo 1 *^AjLS ^..»> a ’> CoJ^O <C ^jI ^ Sj\ .4jL>«_*^Jlj Cy ytC 



* * ✓ ^ t, 

L*Jjvj C. fl Jxi5^l JLa 3 4*^J jl? 0 ^SolJl (iJJj A . I jJLlC* C— JLflJ 

^ ^^ip C . 1 

. J^-o^r J\ ^tj^Co 01 j-* 0 L. OJ 

^ Llalj l ^ ^^P UaP jj ULj»“I LJl c^%JLxJt ^ £lil Jo-\ 0j 

4 4 

t la..-.; JaJasxJ ^ Uj>- ^0? jjill . b jOs ji jJ_j 01S” L» 

.L ->jjj Jo-ta <-£ J0 b«- j-* l£ j OJj' j*^) 

.ill Cyi . ^ 5*)j i 



aj^uai ^ >ji 

*» # 

Aijjj ^..ns^ll ^ Lclj c<_— — >ti IJjL*-* ^1 j3l 01 

^ cJJjia l<j; j >- *1 *Uap! ^1 p caJ| cUiol 

o! L^jut ^jA 4»^u15nJ) ^L-Ip 01 . ^cJaP 

L>CAj J .f-LskpSflj A^PjVl c4^ol>w»J-1 4^Jj 4^-JOj 

0 . 4^jl..„tcM JL^a II I? ^«A*j L*-o^r *A^- cOL*^j| < ta / , '^J 
A^j>wJr^ tv^ JJLJ Lo-Lj teidjj ColiL>- ^UaP^lj 
IJla y>r jll Cy^LjajJlj 4 a...,^a !I Cy I p ^ illl 
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4 J 3 * jj ^JL*15^ di j j-jli L)Li t^jj ^ [ *i*jU . ^3jJLLhuoJ| 

,<5sJ jA 

j*?\ jJ-lj I^jLuaJI I j e\j? < Aj*yj /jA 4j L-a^La^ 0} 

i-i tiiL-lj ^ji*' c-jj til ,UpIo ^la»" ^ULaJt 

^JaJH (^L— « J L w> LuJ^Hi mJaJ£ Xjl* ^ \ <?' 0 ^ ^jI jyjJl D JLfc , \ g ■ «■ £ 

i^-llil — ll j ( d i - ^ d - J ^Ejl J ^ ^ dijjbi 0 tJUj^i 1 LaJlIP 1 l **» ^ 

Li a^Lpj t JlitVl c£-^ W^3 j u^E. — ( fontanelles) “Lg^ 

CJ jJi ^LlfljJl tl £-* * t L$Jj£ r- L*jJl 

jr 

» \jl* LjjLi c4*jI^]I jaS 1 ( J-j3j Li_u^ 




j|| i* 1 |jf t, ~ l ‘ Ly/j ^ 44 lIlP ^5" iuT *L^i • ^ /j d//^y Z^/ 

, iV^ 



ctJUU-b 
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. A^ . m C C^LajJl C-*^- £jL l >r<o >xl>>J>7 ^lill c-jj^l 

jJj ^Ua*jl o Jjb ^ ^jbL^Jl A-_jJ ^Jl ^ ^jiiJLJl ^Ipj 

j-C ^l]l l-jL^2_pSH J ^ j^jljjJi wb J l^JI ^1p coJjLa* Jj^xiT 

tliJil ^ ^Ui*J! ^2 juj .L^J ^ j-Jl . Lfc jyP 

t- f. * 

./fl i ;7 i^^jS j ^lalJlj IJLj ^lla*?l oJlA cUJ ^ (_£ j >- I LaQipj 

. .-Jl j ^JLJlj ^J s* UjlpL-jJ j 

^ill ol ^jA Jj-bJl iSliA J>-l^ 

t Ji>tj ^L*jJi iji-® Ljfj . 4 ji li^- C-Ljipi ^JLp l£ 

cbJjl ^jA s\ j>-lj cLu^pl jZj£ <_£ oL>-L^Jkl .ol o JUfc 

^jL> jJi ^ JjUaJi jl .A-iiSfl c-ij^-Sflj 

.^L*jV| ^*)L> *LjapSH jcAills^ll oLpI yiil oJlfc Ajjj 
L^Jj>tL**J ^-lil < L - J*N^ .'/1*\\ ^Ji\ J)\ ^ C-L JuP^lj ^Ua*JL ^J 
^ jlaj c- LjI . aIS"* Lu-ljj LlupI ^ i { j^2jd 

4jalli£ a aU:^ Jl JLiCj t^LajJl ijA v P JS*" o jjfc 

.A_A^>t_Ll A^j Jl t j i ./a cty 0<-Lfc^ .LwjIj ^jA 

t Lgjl a*^I Jl ^jl ..^ pV' aj j j j-A» jJl ol^Lwl ^ lii>» j| 

S. * t- 

k^olj .Li?- Ifl^wMj i ^ jl t^5l jJl tLj^l APj-^3f ^jA 

j-Jaju jl ilsiaju J^alj claJi oJj>-Ij AjLfej aJ 2uJ ^1 ^UipVi 

Atk~ulj cUjjJ AjjijSfl >_.. < Tl jjLj J ^ ~ l (_5Jl!t i_ , ., ^«l l ,-L>-lj 

^juSf' a>c— ji ^jA oL Jb>“l !oJj>-lj 4jLl?J aJ t^o-*lJl L. . 

i\a y «i LlJ^Ij LupI Jl ^Jbjj cu-jUapV' Je** t UJI J! 
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v ..,/g«tlj cAjjjiL) JjJjlI* cL^-w-jLi 4j5j ^ laJlj 

Q*)Lla*ll JaJb j u-jUifl-pl 4 aj jl u-Jjli L* . ^o» w .I L J>^Td 

^ J\ Jii ^ j' Lji J^b Oi^' j£ - 

.aJ J\ (jji 

O-J L) ^ _" - 1 ^ ^ jjl lJ l ^ pty A*Jjl .iibfc 

0wlit4 ^Jijlkj LgJ Aju J) j\ c-jUifl-pVLi !A*>-j *—« *»*J . 3 jjL*J c-.ta'l 



w ^ 4 j>- jAl>» oijL-^a -Uij cl*X>- 
LoJ^^So JJjJL^- ^TiJl jIa^Z—o jJl ,/a.x!ij c^Jl ^lll 

JjlS^ L*Lc jiV^ jj-* o J lajl4 4^Lj* J| ^ c^L*jJ| ol>-j>*j 
^ yiJ ^XJT c O J^\j cC^j^y\j cjLaUl ol< jl*-* 
ol< ji*-* <1)1 CpJljJl ^-wSLjJi 

C or .L^>U 03 ^jLll lJLJV' LJLjJ .tf ^ji-l j c/'L-^-^t j* J5" 

LS^") 

j» ■ > j*j c (^pr jJl ^ *Jl> j Uk-J Lfc« 

Lp yl aLj 4jlj 



OLJx^o : j wmJ j ^ ^ ;“>C ^ jiu 

* f 

Lpyr j aa1i>s-II L^j>-j ?.L>tjl ^jA a*^~>- cL» J^j co^.jgjJL 
tpJljJl ^ ^Jl tO’}Lja*Jlj .^Lftjji <jj 

0*>La*J| Ji AiU^^fb ^aJT LoJ-j siJJj < j A JaJ 



sJ jJl jJb ^ b 5 J *^ J 1 Ot LoS* .LlJil J-?-l3 4»i*5jJ! 

^ £tJl jujlsJI (iVt S-tjJ jt .Ljajl 4 j>- jjt ^ 
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t— . yaull I Jjfc ol j-A ^-^UiJVl jlSfl ^jP l*AP — A>- jil ^Jp 4juL^ 
^ ■ ; ■ W j*j *LoS .^lajJi Jl La j^rj ^Jp l/* c^LojJjill 

(jj i_..feOT ajAi>A\ ^ jiSfL® . Ljajl j^Jl ^Jl ^— — v^stll jil oli*wVl 

^ ji Sfl oOa < j r « oJL>-lj ^1 p ^j- 4 SJL^Ij °J-^“J jjJl>- 

.jL^Sfl c j> <_£ *l^>4 ^ Ljajl Jijjj jt 

CjL* jJbtll JjLj j tLjajI O^LjajJb jJi *^*Jl j +Sss>%2± 

^ ^~i OJl C ^Jl L - "i^ * 1 I Aj La c A <Oi *»>l US * ^ , Ak*M^I 

dj'^yl ./?* ll oJjfc ^ Jl>t, 2 ^ > . aj>- jJI jy.L*j 
l)J .siJLJi Uj tbi y\ c Lg-ia i >*J j U>-1 

^Jl 1 A.*~J ^Jl Oa*Jl Jj>- I . C Mj ojoca &U_J LjJ 

Ajjl^J AjLjajtJl ^x» «~.i — LoJ Ujj i! ^ — p-$->*Jl ^ 

gjil' tcS yi-Sfl a*jI jJI f-L^Sn .(depressor anguli oris) ^1 

* t 

A 1 +A * II * l 02J 1 fUlfeb U>-l L^^wL>e_L^o aLOlP ^JLp ^ 
Cjli dii)t Ll^ii ISIj .(Corrugator supercilii) <-^l>«JLl AUaiil 



J5* JL>«S* tCj*)\-N<2jJl 0 Jla oJL>-lj ^JS* jl . A^Vl AJLjajJl 
Lgj ca^j>- jJi joIjcJL ^Jl cc$ S fl o^A0a*Jl 

j^p U L^^ii V 15* &U£>I ol . jJi Ln ./a*ll ^ jil jl? 

JJU- ^JL P oLa^Ap O^^J Oi ^ ^LoJU j^-P J-^J jl cAjjljlil 

. Aj> 7 jjl JL^-f ^ip jJi ^wfljJlj cLa 

oOjfc 4^wl^^ 1 " — ^1 ^jLijj t_ - 4ji?“^A-C. iO^IOj 1-^.^ 

tju^xll c*lAi« . ^aIj ; 4 L^J (jlaCj f -^^' c?l l)I J^-ri V .c-^U^pSfl 
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.LJi! Ja.nl! J,} ajLJj L p t^p- jJlj j*-51^Jl 

~OJLaJlj 4>- jJl L»lf Ullisi frlprl jLJJu — jLaiii^- jL^P ^_L ^1 
*?(_£ p-Sfl c_Jl>- LfclJl>-l £-JL ^Jl t O^Sfl C^*>LjaP (J,J ^ (.JL^jIj 
t L j j-Sj jUlsLij ^pr jJlj ^75^ (jwa*Jl 01 tLio jJaj j^Vij 

oJLfc JjU ^ p r j ^ ?lili .cIJLaJIj a>- ^Sl jJ,! Lo-p jii o*5L*jj Lewi j 

JL>-jj ^ AjI jJLj t A j ^ llil C*>ljL-llj -J jP 4.*^ .*Al OSjlis? jil 

cv ^kJIj c^tji aJL U a„i Vj c Lep^S^J i jl C|*-pLJ ISLa 

J^-ij ^1 

^ Ljt j/tfl ^ST-AjI (. £-Sf 1 oJL^j 
o ^-oP l5 w* ^ a^L~* c^kpl *xiJ .2001 flp (Chicago) 

. aj 4^L->) jLpf j coL»wl> JjI j5" ^J,l jy>dl li>-l j c^Lp aju 
(j| J jJJ (J,jSfl 0 UljJbM JjJLpll! ^c3 ^jj ^5"jJI 

t^lajL>- 2J*5L^Sflj 4 _^j1j*>U 01 .c-liJl { y aJU-IjJI 

* • £ £ ^ 

c-oijj cOL^o| (j^’j >c_I3 LaJjp lali ^Jjii ^ J} <Z^j\S 

S-rfUVl J Jil/Jlj .i^Vl oJlS" ^ . JjV 3^u ^1 jJl 

Oj^o 01 J-sLp (j^V V • y 0j^ jl-b£-l 

oLSL>ij y? JjI^sJI t aJL ^ iaJl oJLgj yL^Jl ^y* f-^j 

. LgJLS^ £.LlJ| frUtjl ^ eJ^L>j to jp 
OLajilj 4 1 896 ^Lp ^ LjV® . A^^U 0 ^Ss-ijl °^ Jb J 

* . - P * s' * 

|*4» jl lil . JS” £-« ol o Jp- Ajtj jj Lcai 

oJbJ-4 ^ ^_ju£ ^ tAj>«jjlj ^_pJ 01 dJOip ^ 





liJUU-b 



126 



dJJij tUajI ^jj jia 0 jIj ^ J^J 

jJl c» j ^iJl o 

.4-^2^- £-* 0)jlzJl 1 jjfc l-U cU 4. .m,JL) 






tLiJ^f 4-sIaj jJlj 01 '•UTS 4j L>- \Xj j&-\ V 

4 LflJL cJltll ^ 4Jai- OlHJ . jjL« 4_J»>- 

^ 4Pj-c>j£ ^1 J*j cL)*>li^i ^ 0 J> ^1 0wb»-lj aJL>“ ^jA Jj>0 

c-j jjts" j-U> (jj p-J c(Frisbee) ^llaJl jJail 4-JLJ 
^•liJlj j cJliJl <jy« ^Jl ^ju . 4^woVl ^y* 4jlL^- IpI jjl 



(^^la-Ljj cy j-jS/ 1 jj-* ^•LaSfi ^ jJaJl Jalsu Jju 

0 0>-XA oJlPlj . O^yS"* 0 1 * ■“** J 4*X«jm>^^1 ^^J»P 



. L-»l j!> .^-^L>iSn |» jaijl £jA ^Lxl 
^w2ll 4 4-fl La.ll \ l) 0 jou^ d^L>- LLj 1 4jujI j ^ Jaj 

C^^yjl (Jjl (^ 5 0 ^ LliSoT cLj j-Aj 0jL*d 4 j*}\j jaS- Jju j .0 
4j Jj>- 4 j15" j-Lj ^Lol Ji" . Lj j-Aj ^IjI 4jujI Jbu jl jL^V^ j 
LaJllP , jOW? JtJl J-m2jJ-J lfly**j ^La 1)I jl^JJ Oj^X-^9 

o JjbLijr. IjlJ ol c JLol?-Vt j 4ob>-loVl oJigJ oJb*j L° 0 ^j 
4j»Jl yi\ ^ Lc. 44JU^-J Jh ^Uaj 
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o jjfc ^ o Jj?-I j JS* o^^>- jil L^UL| 

co*>Lji*Jl <_£ j tj%-IajJl aj>*_~JI L g . jg ^j j5Liw^> jiSfU Aij ytil 
o jjt> jl>-I j J5" U*>UU jj> JUL*-* *^Ua . aj 2LpjSf ! j 

Aib^* 1 g Jaju LoJ^J tiJllA j» +*JLJ l/)UL( u ^*“ *J ‘u-'yVl 

■> 

L^pr U^lib ^ bi-LLP . ^mmj3j £aJL 

. Ji ^1 A.IiU; * j^*Vl ^-m2j 

<_£ jJUJl (j^SsjLSl y^\ 4j>*^Jt jSLu cajL^JI 

jlJ^-Jlj (Malleus) Ai :L<^ oiV' flbpj-® jyjow? j^uiaPj 
Lil . IgjAiJ ^lll 0*>LjajJlj Aj ^ jJl A^PjVl t(lncus) 

c(Stapes) jJLj olc^il ljJ*^a]\ AiJlill 0^i\ a^Iap J^Liii AJlill 
o*^Ua*JI j*Jajt4j to ^lltP ^4 OjJu^ A^laPj 
c-^bapSflj cO*5bajJlj ^UajJl AiJlill ^ jJj! ( J5 vJLj j . A->- jjl joLo 

^ * t * 

^j » jiJl .^JJJ c ® ^ UL_<^P 



c^j^Lil jj-4 f-ljib bJJi ^ Ur. cb“ A juI ^J l 
. 1 ^ - L a ^lg jj ^JLp (^5^^ A-taP^Sf^ ^ «Jl j 

JJ C^^J-Ul ^J»\ J of o*Ial ^ jj 

aajj! iJU-fc .£• Ui)l J5" Jjl£ oU-L*J' <j>jb> coj^laJ ^U jI J->- b 

l)U jUUl A-*-ta«jJU (JLsU| Lob^ . oUtUujVI oU-A ^4 

JSLiu JjSfU .A^b j jSLiJ oL>“UjV' u^>b- 

.jiV' (Eustachian Tube) ^yS\sJ\ oUi 

Lo-^J ^J.l j}\j (jjllll bl cU-j j jJ J-oJ>tJ <_£ UJl Cu-AJ ^J^ s-io (J,bl J 




dJLU-b *SL.Jl 
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(Parathyroid) uij-lJl ujIjL>- ^djJl ia*L& taJLp 0 , ^\5Lio 

.(Thyroid) Vj^' J (Thumus) aj _/pjJIj 
c-^L,^ p\l ^ ^ wi>-l tOVl cii-J ai*.A3 L 4 o| 

LaJjLP .^*1 jJl 0 sJj^-Sfl i J L>- ^J,j IJLajd 4*^1 jJl 

. Uajl J,jVl U* j^JL u^ajJL) 

^SsjaJJ ^Jl jJl ^TyL »_ 4jJiJu * 1 jj OJ .aJLJI ^ j-SJl ^jlj 

^ jill t j>» L*L*»1 Oj jlaj cL^jJaj ^Jl LgJLS" 01 jjb c^yLiVlj 

La .4jLJl ^J^Slj LT^ >r -^^ <^..^. * 11 ^ip Ajli ^®Sn (3^-i J . J>jSfl 
^Jl ulbSn O^LjaPj c4a^->- ^J( joLtlll O s >LjiP ^ju iJ jUiLil c-^jJl 

A. ; >*»db Lai , 4-jLJI ^ jjiJl ^y> AJL^L \ ^ \£ Lg->1 jJl >/3*Il L^j JLxj 

^y*2l) LfrlS* oJLixil IgjljL^a oli tA*jl j-tlj AilltJl j-dJl c— jLs^pV 
c-jL^pVi oJLfc . 1 .m ai Lg_**l jil ^^>a oLiJ 1 jTl ^j (^Jl*j L^Jl aJLJL>cj 

C jUUl ^a jjJJl L^4A II Lfl JLj ^j^a 1 4*j I ^Jlj AlJllJl J-SJl ^j^a 

L^-> Jo-1 J 1 4* Jill I ijb A^Ju c-jLuapVl £-*l> C|» flTl ^ajl j 

. LgJ 4^>-L,<all ^1 yVl oLiJ u .S\jli Jc£ m 

ijb j£jil\ oLl^J-l jf-^-5 ^ LjlpL^j t^l j JLS ^L^Vl <Jl 

^jLa^>* Ob" 4-uajdl L^J jJ 1820 ^Lp ^ 'Jb \ g *>w? 

(Vienna) b~i ^ ao^j o^oLa ^ (Johannes Goethe) aJ^ 

A3 a 1 ^ijjJl CjI^ S )LL>lX>» L^JaP JjbLi LaJUP 

c (Epiphany) ^LkiJl -Up j>» AlaJ- ^ L^ijij 

^a Aj j 3 aJLi*5" JwJLj 1 g A^J?^-<fcji“ ! ^ j j.. JxJl (jl Aj jP (^lj 
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-k-fci]! ^jp li-Lft i_ . fl -—5* c4jjjlJ 4-^JLj * lUI jjuJ^ 

£5 y^3 tj*->^L o^yii ^j- 4 
vr-l-a L^j is * 4 j j y 6 jSvJ $Jjfc JLdJ , * lif I . t- \ .~m *.$ I 
.4j1i ^-L-Vl iaiaj^il ^j-* L»^jL<3jJ ^L*>r jtj Oh 

SjJlc- u j£}\ ^Jji jl ^3 ajuUj 3j£ o jji o! -Aj Vj 

<;t ^_pj Ji t (Lorenz Oken) 0)$^ (*-6^ri Or* t >>'^ L ' ,Li ' ^ 

..PL-sT jj ^ J a Lj jjL! 1 j -- J 1 9 

cLt-^p t ^-ii O^J^J Ajji- ^J5" jl5" J*il 

l.i ^.■-^.>r OJ ^ tiilli jliyu Uj5o ^1 Lk-| ^ 

tj>^ ^jP 3 jLp d jJj ^3 j^-S" ^JfCjLj ^r Jali Ja-ojJ 1 ! iJu&j 

I .^liJ jA j i Ou 1 ^ - -*■ ^ ■* Lj 1 <^ s ■ ■ u| ■ Li fc i-v.^ 

^JUc) j-iJt ^UwJl t^LjjipS/1 jr yU)l 




Jry/ J-^J^J t^Laf- tj <u^5L kjjfj t^lJkjJi l}j££ t( jU-fj ca^t^tj tijyjfylj 

, in* eJjbJ+h 




dUU-b 
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^ jjJl Jl JaJl JUp £^i?lj ^J^>>iJl -JJJl OJ 

t # - 

iJJ-J ./2p (^JjlIj 4 tj>- *«—- >-L^ll 

(j- 4 ^rjj tc5 J*Jl ^ j-o^l ^ JjL-JI ^ j^rSfl ^1 c^UapSfl 

^Jp iSy^ i ^ tc.iJJ'-XS^ Jl j*X*j *V *a 5 .bpj^l ^ill villj 

tO%,)atllj cA.o bwll t\ Ll**I J l jl . Lajl (Jr 6 ^ 

Ijjb iS y c^JLj oL-Jj Jl L> Jai lilj .c-^LopVIj tjyljJlj 

.ai^-^I c5^ Jaii ®l jj LijI .Ja-ojJl 

lUff 4JL> j^*ill LjJ j-v^l JLp a>w?I J l aJ^I JT L«j>rLo^r ^-2 aj 
AmJ ^dl t^Uaalli .^JLlI 0L*J^fl Jl j^jJ-l £j+ LJL>- J l ; l S:H 
{ <> ./**\\ j cA^* .t>^ j~l L^l Jl (j J J^-JUjj J ^jlA-^aJl 

t JjSfl J>-l Jl J A^jij la^jJl IgJ ^lll t juljJlj 

« jrytlbS* Ll^I^ IgJLP L^JlJ ^ Ljc* L^jco->- 
OV^sXLj Jull J IJ JLpL-j jl c j Jail I ^ j*- 4 ^1 

^^JwLI jjJJI jjLftl^^fl O jJJLa yfb Lo-P A-3 tl— >e-Jl <w— >tJ (^AJlt 

Ojwlljj ^jjJJI jLitS/l c*!Ai«J . AjliJ-l I Jaaj 

f UaP JLp {£ Vj c J -^aj V jlilj t dii JjS/l ^ Jll 
jSLiJj J^l *— ■ Jl jll o3 jA & Ll ^L-iS/l j| . jl»X l «.«*Jl J A3 Jail 

• Jj^' u* 1 ^' i>* ^ 

^ v *^ 5 ijd ^ u*\y 

t <~Zj^ ^ajti\ (_^l lu. S» ) Aj-jjI ^ 1 <_•>' .. ^afr Sf' 

j9~\ t-^Z lS Lp JJi ^*> ^-1 yV' o) .aJl^-IjJI iJjJlj C(»Uk*Jlj 
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• i^3L<fc-*.*«tj 4.A.j.*fc.»J 1 LdL^? ^ip * 1 1 



LJ>b ji jill dl w 



of . J ‘ ** ^ l ^ o^xjsJI 

|«JLp ^j-oj J- l ) j . ^ ^Ul iJLo-^l ^j-4 U>^J IpjJ IjjjSsj of jjytLpJil 
QwL$" ^jjl /Jj\ col^lJl oJl^J o^Oj>tiLl colO* jil ai>-^ 

4jjLjt^ ^ ^jP OjL*P IjCwO-?^ LjJ . Lst^o-?7* \jLfl ^ ; AI^jJl lM 

. Ll* o^-1j Jb” Jj>-b cjJJi £jA Ij-j-Sf I jl 

* 

c^^J^sSn jij\wf l/ - ob cii>\j lS 

oJLSaII 2L^»f J\ Lv^p*>U ^1? 5i?jL>“ Ji>LiJ ^iJl 
^1 oUolJIj oU-lidVI oJUb Ol .^f > J^b A^UVl v^ 1 J^lj 
150 ,^1p Li ^LoJjP 4jLj£ ^JLp <o-b i «-b coLa ^p j -Oj 

.iibwS^ ( ta £«-b 0 ^jaJfl-L* ^ A^a 3 ^aJwJIS* j0_*j L^-»S/ ^blp 

. Ljajl L>- L*-j V ^ j coU^nSl oJufc L^jJl! *U ^ --^V^ ajj>-I oj 

|» ^ .vLj-1 O^H <— ->lpl jjJl ^ *S*> L>- Ia-j *5/ 1 ^t. fl.l‘-> 

o*VbLl ^ .jjJjLj <blp cj L*-J " 5/ 1 ob cLjoJ L»l ,s.lil *>■ 

4>- J.1g4 ^JLj J 3^buVl ^ A^A jJLiLl 3 jA^Jl tOuJflJt 

o_^j b ULp c jOu o Ll ^v3vjill . ^Lsl jl cp 

b yJ c^3 jil b ^ I 1 ^Ji^. *, «>.7j \f- IwU^^“ 





iLU-b 
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^yj ijj^! ui>- ^y fj-^ 1 ^ 

t&UjJt^y 




oVb- J 3 .&&>' Vi ^ W > j! &M\ JJLi w-JU 

t^CJJ ^ J-^r^ ^ ji ^jLi>* yt JUi?S[1 jJ_jJ tSj^U 

, AilUJl ^y» ^ 3 ~*^~ ^ y*^ ‘UaP ^p SjLp ^Pj 

2l5C*-^ ^Jjc- 4-1aP vl^rb 0 J jli t aJLJ-1 qSa 

. LukjcJ C->^Lp 

jOJb iij^ *-$fl J! u*®* 1 ' O' J* ** u-l Jf 0! 

^ fljJ D| *lLAjjJaJ 4AJjSfi u-'ySfi 

^jyi lAiaAJ a]oAJ Ijjlii JLdAJ 0^ tUjfc ^ [3^*^ 

.J-jjil\ jU" ^jjjjj cr~ 

A4 <-* j-* lJ>-j $ J OUIP j- JS" ^ JjVt ^-^Jl J) J&i 

0^ 3 P* jil I iJL^ A^LifcL* 4 j^Lp 

$ly V L* j^J tO^Sf^ ^UaP ^yuu DL^J^fl l£wAJ 
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JjJ* 



Oil jll '— ■ l)5 jjP ji!l (_£jJ 

• J jSn ^ yJ* v-**- y ‘tr^ 1 j oi — j^/i ^ J5" ^ 0^1 

rV>^ 

* 0 

Lij^jaP lo j^P ^.Uj j jiaIij coliJl J>-lo L^iLl 

4j^i!l ^Ui*Jt (^JL>-J LoJ 0 j-ojJl IJLa Ll./aC J 

l£ j*~^ s !+/***• J j^) <J* jll 

^Jl c^UsaJI oJl* *5 jJ( gJLpI 3 ^ OjouaJl 

^ -^iJl ^ UjlpL-J c(Hyoid) <LOUl ^JajJlj 

. 4y LlJl Jp ^jA 0*1*0 ^— U ^ijl c 1— » J > ^ ^U .l3 C 

OLk-P*Aj P 4yLJl ^yi ^jgjl 0 yS' y *«J8Jj 

^Jl cLUJlj cLjjJ 4-^)Ul ^JajJl ^feLJ ^ill c^LlJI 
— L— i j» Jaij jt JjL>*j ^2_ol Li ji L ajj oJU&Li lit ^1*31 tjJLiJl 

j! (j jIaJI jl c . k^ V \s.J — *>lt* c^^aaj ^ ^j&\ yS 
I y* LIaJI 4. ^ia . <J l jl .^saJL y jii\ £ ji . J ^jy*- ^ c^^o^sJjj JUT 
. L5Cf kiJJi JJ-L ^Jl c4^o>Ifl*ll 4 a 3| jJl ^Uaj ^4 j-flJl 

^UaAJl c5^ > 'i ^tLj . Ljfijl ^-1 jSlio 4^-4 UaJI i^iajtJl jJUJ ol 

j^p-J ^iJl c^Usa]! jl .<-olS" y* LJil ^ 00 jo^jll 47>LJl 
. ^ ■■ J lj ^-LJJ Lj jJ ^iJi ^jJ JlLJ\j ^ jUl 

ci— .^1 { ^A <^7 LjU c4juI ji\j SjJLJl { j^-> j-SJJ 4— ^jJ L 

l^c-OJ Asrt-of JA i\y> r! — ^ ~ { y> <^' J L^»^— J ^ 

^-Ll! L^wX>xOL— J ^JS\ c4~*»I J\ ^L,^pVi J co*>L^l*J! LI 







134 



— ^JI .lui ' ■ d - ** Jl V J^-i* LIJlsl* U | JjfcXjJ jS 

L 4 1'3K . », >. : \ A^- ^ ^Lp -IsjC 

jAlJ ii ^ ^jli j jjj iiiij 




jll i jJjL jjfr 4j '/) 4^>fyJi f.iLjcf jftaXj 

^.4jw/j ^^LiT ti/ *GW 
j ^-fcjLii/ ^La&fyLi ; yijf L£*t *uJLfi ^ . Loj! y*Jt tfjJ *3 j*r y* t-vL^ap/ 

i—Jfi- /&* £ IqjLLz* Jj^-( {^J ju ^ J %-Jjtff ^IsT 

* GW? ^^0 *“* v?v^ 
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L*Ia tjUM 0^ IdJ* jl ft c(Salamander) 

*LJlp jlS* cd-ijJl ^ ^ 

l£'j 1 1 972 ftp C~^ tgJLS* ^t^Vt ^>4 dy^aj 

^ (Francis Maitland Balfour) jj^ j* ^ 

\^Jcs* y\ JS ^L*S/i Jaks^il J,jS r t 0 j^i! c(Oxford) ^ jjjL^jI 

jiij c oUjiiSi iS^jj 

.l$JU-b 



J L>- ^ C*ot>- ^ jw2i C— 3 jj Lfc-bu oL» JJLs t JajLl p 

. dj^o-P Ob"^ , (Swiss Alps) c_~4S/t 



f jJLiM j5 oL-jt 



4-1*15* olpj^o-^ I? : .t,:i Jjo 

^ill tlg_l5* 2 ^|w-^jS/I t<L> j-ts* j-l L^l ^jl ^ Lgia^JiJj toLu^-l y 
oL^JbcJl f-UapLj f jj5j oli^rl 0 j-*t> jl .^Lii^J.1 LpIo jlw2j 

y iilisJd <pLua> f j-iiJ 

* * ( ( 
jl ^i*Jl dU-i p-iJj . oj-jT LgJU g ^j Li*>- til j-lp tgJ jiff t L l^Ij 

. iJL* L r -S"l <^\y\ Jj-UJ ^ 

t4~*t*S[l 4jaia_dl ^ (otx) (jor laJL-j 

jJl ©^4^. tg-iL>-j • JjVt ^jiit J^4icu j-r’" 

4 J ^ ji J5* . (Hox) ^ j-fc o t » ^ J,l oLj4“t y ] rt J 





jJULPb 
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L^-C O-L^j .A3 A la >ts ill jjt oli^r AaJL^ aLJxj 

4 la . t;l l <^»li^-l 4*S" A*** jAj-l ll^wl ^iV Akj ^>- ^ i. ra j 

ji! 01 ji*Jl ^ ji 0^ OVI Lu^-f 

Jjt?^lj L j^ ajtJ . ^:r"i j*-S O^r Jb*- ,^>-t cl! 

u-i j-^j t AJliSl j (JjSfl Cj^ ^ ^ ^pr diliS" ajJ^I oljLi^l 

^ ^LLw cUj jjialj u-ij.*^ 10 1^3 AjJJ ^JjLJsj j-*Sfl lLIj "»j, 

. ^ ■juJa l l £-Ja jJl ^ Aw»*)Ul AcJaxJl A3 j jklJ jt (_£ jJl (jlSlil 

4-LaI^JI o jJwdJl l)| 4^ jJLll ^ t jdl jJu c_J* COI jZ*Jl Xj ^ 

^ i ** */g?lL t S' K )cj tl)f d\ 4 A >? jlJl 1 JUfc ^3 

4 L 0 j2j \ 'Jjjj A ^a ^»1 ^jSH A v P*}\xj 01 Lu^-C 



, l ^ 1^~ 1 3 \...Jr 1 Ja U o 



j* Ui'iLj! Jl l$l ^jjj V ^ j* jjjJi 2^ 



^1 IjLSjIa* ^La^aJl Jup Ja 3 jii 

V LqJUj viJUS J-*-a> ^ ? jlwbjJl jl (_£ j^-1 oli jii£ 

^X>- ?A*^lj LjUaPl ^1>- Vj oli jI^J.1 oJUb l j>* (_£) diili 

tju 4 jijujji ^ i]L~J Vi L*JLP .l$J ^Ikp V Ia^o^t Lg->| 

jU c^^a-oJj O ^ki lil '^r ^ (Ji 

.^Ljb o ^>* j-« U>« 






•c V 
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Amphioxus 



Hatkouetla 



La jjJi, , 4^ *J jA-ZJt sS*© jtJ-fjJi jj+jj } ji jL^pU jj V/ ^ jtffyl 

530 ^ 1 ^ Jjjj La j*-p i (Haikouella ^ j£~jJl) VL>*z — * S^jM 4 jL? SjI&Jj 
aJiA „ ^ A-J t^jT jjJp La^fJ ^n-rj jjJf ■ 22** 

>t ^rwau// ^jA flJ ^ y£f7 If J[ ^ jj/*i f. - J/ flJjpj// 

aJL>- jii OjUit tU^ k,iJLii_ji l)| 

. (Amphioxus) A^j/io Jl— i.1 Oj j-Lj l* 5 jU JjV' a_*>UtI 
oLiLiJl — !l y» oil* iJ^j' JS" ^_j 

ijiJLf Jl (Maine) y* ^ cj! c^U-ti 

oljjLiiJl jy Ja-^Jl ^jsj J* ?lili .(California) 

cjU_JI JbJuJLj iJjCij tij jULiV tajji Jj jl ?cjLi jLii'itllj 

.oLjJtiJlj oLJL<^Jlj iilLa«- If aj jAa J' »Ui*Ji olj > - 

Lgj-U > CjbjLiiJlS" Lg^J (Aj jii ^ . j — il jjjwU 




tiJJLPb 
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^ -Ip iJjjT A.^ >/3.P l) 1-# ^1 AjL^j . i_A j ^ i? ^Ip ""L^C ^ 

I l 4 > *i^ x 1 1 OhXA *J j t . , ^ x ll ^j»*«^*-U ^ (_) 

1 %-^^Jl yyj ^U(Notochord) c£ J-r^' p-^L> «~* >*> 

^yfl—AjJl Jp t LJ sjI <U>-V^ L i j-gJ^ ^-r*“ Lj J-Ij ♦ 

*< 

rj* Uyr AjL^jJI ^5 £^ojj ^ ‘~ a : > LjjJ (J j-g-LaJl c (* :6 — 

is 111 jli ^y?l y Vl cJla Jb4 y*i lil . LJI yii jy 

• ✓ # * 

laiwaj L*Jjp j^JLj j y*iu (1)1 jlS" Li A^^L^Jl 

^ip a 5" yL| ^lp ol jliil £-* jl Ct-^U^pVl 

Uyr jli t^yl yVl gJI$j JL>-I LjJl! c-^Ls^j L»JLp . l^Jb o jiel 1 
, ^ ^ * i* 1 1 1 t L--® L« ^ » »» la la ^ 1 Lc«-X3 

t ,.**i ~ a **, - 1 ^j-is^y 1 Aj-^yi ^^sju , 0 1 1-Xj *.aji 1 »-\j ^3 ^ ^ 1 * *a 1 1 oi 

Aj ^3 wL« . l.-XlS^ jy*x_v^? ^A ^Jj Q^l la *>uil ^3 &S ja 

(jlJLp ^Aj cAJL^j 500 ^Jp La^oP JjJj C C^Lj j-*>>jJl ^ 
Jl3 . A^l J\ c^L^apy I jl coAiiil Ax^a^y \ jl jJJ ylAj 1 jJu^> 

. 4 * 

/yjj tj y>W2Jl ^ O^Xy^ oLpLJaIS" j-jJflU JL^>- t Lo-^a IjL^ jJj» V 

J 37 c j_gj>«_il j ^ ’ L*JLp . Jj^aj V j- 4 ! C^Ij L> t-I..^.il oU-A W a *>- 

#< 

j . aJLjO ^^LLj jiail L^tJjwj j-gJaj I JU>- Ai? jjL^- oLjlJ? 

4 t # m * t. f. 

LgJ| . Ljaj I ^5lj y-l Ll-o- j-g-^j . jJLs^JJ ajl*1? Jj4 ^ 1jL>-1 

olJbJiJl oJLA , 2 :; .^c JL^I J j-^ LjjJiJ ^Jl col5 jl>til 

. Lu^?r JA frl yr ' J-^>' t ta 5^- J . L» 

^1 yyi ; Oj^x-yg-ll OlJjjJl oJlA £A Aj ilyjlj y-l *^LlA 
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f. * 

1 1 4j«»iJ 4^^-4 I***J| (Jl ,4 

J^Lio <^Jl c^JujLJajJLS^j . ^ijjLjajijl ^ joc ** ^j-oa> Lj-L4 ^ jJ J5" 

^ya»ll oJlfe jU tUJ £j+ tlljil ^UsLPj l\j£' J&3 

olij^ cjlwbjJl ^ jju LJ J 01 j-i-J-l (jjjLi 

LgJ| ^*1 jiVb ^1 j L^j jJ 

0 Jufc JiU .^LaUI O^OWaJl oL*i“l Ajflir! till £t-*aj ^ j-Aj 

coLl^V^ L*Lc < -^^iJl ^ ajIjlJI 

^4 ^ip LgjiJLUj A ^>- y -L^lj C^jjIsj teJM coLlJtIj 

. LJ^jI VjL^ \ jJ IgjJl! <; J ^^tjiii 





J^Jrl hj\ j * 



4jL jIoj 4.9.qj£- 4 JL?*- jjiL y 2 i— jLL l£ j ysj y ^p 0 jLp Ll»I 

Uc-Ljiplj aJ^>L» ^ y <jj 4JL5.} 

oL4L> 4 ^Lp jJ^ . I— . Ljjl^-* ^ 0 

P Ulplji .jjJa-il ^JLp cU j^is> 

4j|jJl i^lS^JL>«Jkl ^P \j y£ 4^*»L^Sn 4 j^)LojlL1 oSjt i^)\ 

y y I Ji\ jl cJiS" i Js> 4 * . k ; i l 

. (jz y>-\ oli y* f 1 ^ -4 ^y* 7 c LJ^ jI 4.. ^ i J ^ j. ^ ./a til ijl 

4**JliL» l$J aLLw* |»L^>-t jliS^j t.lJLo-^SH c5^ L«^3 

^Jl) 4^«L»Sfl L^JULgJ jl . Lj jJ /njr j jL^j j t^li j 4^^ c4^aL?-j 
f # 

c-Lsiipl ^l» 4 L*^o»>- C‘— 0 A^jiil ^L?Lj 

(*-^“' J j ^ y> y* .LfL>-b 

^JLp j- 4 tLjajf b*S"j . ^gJail 4 alaJL* ^ 

y 4^«L#Vl 4 jL^_J| ^Lp y ^%-aJLI 4^_i-l 

Lo^j .O^Lp 4j jl <3 ^,^7 ^JJl 4j» *^Jr' 

4IjLJs>j 4^^“S'^ 4-gj4 y ^ywJl ^ y J jli (, j ySJJ L^ 

L *S .<Jlil oUt y^-\ ^ j-^2->- 4(Jl j-?“S^ ^ ^ wL_>“ 
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.Ljajl aJL$s .t * a 0 4_^Loj^*VI ^LOsjSH of 

— Ll>- Lj i l * a j> -o> *1^ i £ - * -i^^/ 1 ^ 

# ^ *i »# 

* JL— .^-1 Ulx£ Lp ^JjJjjjJ Oj c^>tOl ^Jj^XjLfl fT 

co oJJL* AjjJ . ^iij 4^ LgJ jSL) 4 ^ lai ■< o\j^K^3 

& ? #• 

lwb*r lilii^- jJ-j y>tJl ^JjwUi n^aJJ 01 c jL~jj O^v^J cJjij ^Ij 

. ^cJjLjqIj 4JjUL» aJjI^j:. i_ * »Tt V . ^ ^ >*s L* ^ > > ^p 

c_3 oJ-L 01 oJujS^Sfl 4 jlJL£-I 01 oJO^-C 

^J^.t.^-1 Ll^^jsj 4j j LiL* 1 . L%>cj j-Oj 4-w* j , tS^l Oi_a ^ I jl^ 

L»U? .olj^Vl i s J aju . (J>i ^0 >»_l>.' c40^-iJl olil^-JO oJu& t^w^b-4 

^jA L> j j^aj <*-*> y£s~* U^tjjlj Ol-i cOjl jb\j Lwjjj j ^ (Jl^O Lc^ 

o ^fcllaJl jLitJVl ^^lju ^Sfl ^rS fl 01 . ^ jlJt 4-Jaj jJl 

. JL*-mJ>- 4iaj ^J^w2J2J ^1p OjJLflJl L$jjJ 01 Lo-S^ . oO>«JJ 



ijjli# : J-Zl\ ilaj j£-\ 



^ijlj c 4 j I j^jLwOsl oLjJLtll 4^0 jjJ ^ lOjOl <uiff <s . 1>o 

^|>4 ^4 oLjL»jOIj ^Ow'Vi 4^wijjj j-Lwu o^»*yu jjw c_3iiaii ^ 
L»JLlp J-sA?*- — OJJi oJL^Lj til 4 JjL| ^ja yj* 01 . ^i>- j 
oli^j ! ^ 4J_>-Sfl LjjJ .4-L>-Sn J* JL*s>tlJ\ oIAj 

LgjtQg I 1 " - ,0-4^ ^L?r^ (J^ 1 ^. L5^j C^JLo-^i 4 Jj>^1 Cj^JLaJI 

. 0^ JL>o L« 4 jj jJ ^>til C-*^ 
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Jjjj V tlj^jLl ^jA ^Uadj ojJl^p ^LS** S'l £^o>->- 4JL>-I jJLj 
L^jJT oJLfcl .t>.4 Oir *Xa 3 ,d->Ls^jj ^j,Loj ^jP l^JjIs 

.jtSii cAjIJlp jJU^a> c^ll y^> yS UfsJ cLfcjjIajj 

AjLiS" o^Ip A^i ^il>o (_£^xJl <JjjL>tjj 

•lT^ 

j-oi .aJL$Ia aj Jsj> oV J, C-Ai>- Ji cjjltfjt aJ_*p oJjbLiw* jl 

j Otl> — ^jA ijJ*.+s> — A.jj>; 4^1 oIjI^lJI oJjb JjL* 

<Lj ^ il C^Llj-L jJ A> j j^JL^j c^oLL^j c O-Uijc* 

coUL* ^Jlj cijLo-^Sfl ai>-1 <^j\£ .Jbjil llliA jlS" ^^SsJj 

^ J-r* ^ W. J *4^ (,5^ Aiilis^ ^L>-jJlj 

. *U-* ^Ju.j>* >tj , ^Ip a^j U ui4 j ~Lj 

l ^ j .ol^-Lalit dj^laJ (JLj (, jJk^o £^Lo Lgj Jl! L^jl^oj^-j 

TXj^Z^ UM y?Sfl CJLS" cAjLLJ-I ^ . <Li ^1? jt-pljJ 
AjjLJxJ L^JjlJL* C Lla . aJUI Aj^jJi 4^>1 jJL**Jl (£ yS y y 

L 1 - *S" C ^ ^ ^ 1 fl 1 ^ C ^ *- X ^^JLi»*<s. l 1 y ^ j\ I? J 

OJLj c^oLLlaJl j^Jail A>t-^IS" 4jiil>tll l. 31 ^i?Vl Ol I 

^ f • ^ 

J,J ^Jijl cAL^yl oJlgJ .jjiaJl 1 A^- 

LgJL^J cAaIi^ ^jLl>-S/^ oJL^j jA Sn - J 1 . A^j* - “ ■* AjjLoJU* 

ol Ulp CAi^Vl 4^1 .Ajli ^Lp ^ *^J 

aL>L^j coUl^jJlj c jj.Ultj cc^LjJJJI L ju c^l 

v 1 ** ■ — j i Jjli" JLpL cu^Ip l ^ ^ a^jJL) aJjL5-« 





silU-b <5^ . J\ 
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. (Karl Ernst von Baer) jw jji 
t J&S* 0 jill jl ^ 4jLp^-iIl ijiaju JL-^t j 

J ^Sfl l5^" 

^twLjl ^ Jiij c4-Lj 4lJl*J jj* j jJj . Oji eu^s.) jj| J jlS* jir 

c^Ur^AJl j jJflj (jl ^CpU^Sfl oJLi £- jr3l . Ljg 0 

.s-LjapSfl ^-dLS" J jU*_> 

jU jj ^1p Ij^lS j ji cJii-l * j^*J 

jJJi ji (j* jy£ j?y 'j- 5 ^ t^L>-jJl ^Js- 

* * 

Cj^jLj 0\y*~l £ . ^1P 0^" jt-J IjLplj 

IjLjrf 1 JU- j c 4JL5*r Sfl ^ L-JLP . jU>*jJb ^LaJJ ^jJL L* ji y ^uSvJT 

^ oJb^lj (J,l Lg-*-P ^jS'Lc t^Ur jJl ^ L$lS" ^LapSH 1 L^L^I 

oLLkJl oJLa C— i yp Jiij . j jI^tU ^ 5^-wjSfl ^ oliLis 

V t 4jj jJa_^l o ^ ft ^ LSjL>- JLaJ . <L-* jj j^~\ oLLkJL Jbu Lo*J 

Ji-fc L * y ^>- Jljj 

* 4 !*,»*>! ^ ^JaJ aL^j (J j-i] j JJb C^Lfljg C-lapI 

cOlS jJtj i<y jJLiJl Jjt Via^jJt iJLgj \ g *‘*>r oUljJ-l ( J^ 

y* pjbty j ?OjLiiaJl oJUb y> oUl yJ~\ J5" (_£jJ O^L^Ij 
^L^rSfl J* ^LjapSfl yJu J,i oliJaJl j cctUi 

J5" ^ ^ 1^ Jill 4j>-t J* j^JL> ji-j C)ji 0 jU 

^ j-sAP jl Cj^JU .oLjJjJlj CcJl?-IjjJ| ci^LwSn Idl-b ^-1 
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c)l c ^S jJL ^jJli-l .d- , *5liSl oUjkJl dJ-A ^yk LiJ Jj d)l y^~ ^ 

<_Ji JS” .^Lj^Vl JiT ^ Lg^ii (jui^s-i o“>Wl olLkJl 

AjLoSH (_£ j^-1 A a cJa pi^ C 1 ^ A > 4 A >la ll 

^ju u3^J>-Vt l£~^* ( jla*jj .IJ^s_Aj tL*~«ki»7 oLlI 

j jIjtII j£. j£ l*^?r 0 jJ«^ <L>*tS" LgJli t <*]!_> objl5^ 

. I g ^ 

^Lp 4^j 1j 0 jlsu ^aIj (1)1 LlJLp C^Li” ^J^-*£*J 4j-oJbl (1^-oi ^>-1 

<z^\y^k J 4^ii"S' aip . c^L^-^l -x*j JjVl £jL-V' 

c4-Jaj (_£ ^ill <1)1 o^LLi c Av3j ^J l La 

cjl~J^I ,o / l/5liM 4 jL^jJI ^ .^Lw-jajVLj \^au ^Jl IjlJ j 

oJ*>-\j 3JL>- ^jA (1) j5sil j+.,A.~ ;L 1 j» tf.I.j cjl-) ^IjSH ^1p 

o ^xJl oJLa <w3 jxj . a*L>“ c^ ^ja o^^ii o / ^LJ^/ ^ ol j> jl 

Ifr^JjT LJ^jL 4 -jJuj j c (Blastocyst) ^jTjSH 4— jt-^\j L£AjJ-l ^ 

,L^Lsi-l ( j-« £-*ij c£j^ jl-L>r ^ ^ ^LJL •(J^j’ 4 ’^^ 

2jflj ^>“ ^ V jjl jl JwLj V CoJlA 2JL>* ^4 wi_LP 

* * * 

(j-* ^ y l$1 -^Lla L*-aL? j co j^y* jl 'Ka'^Jla .lSLla JL» c< : ^ »~>- 

j-* L> yaJ ^^oLJl ^ jJi ^ .OVI ^>~ 4jIL>iII ojt -jVi j\ ct UapV' 
C4 j JLmAjVI A*LoJU IwLj j C^Vl (%-^J di 0 ^ J^U' Cc-jLm^V^ 

Jtjj V oV> ui^'j ^ jL*io ji 

oJLa ^a yJ. jl ^ja (jl . -^j->- J-* 4j-A-^»r ^Jaj ^L p 

Ci.i^lj ji aJLp c 3 ycJl i^\ Lj*>LiLl ^jA o 
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. jL*Jl jl 

Ujlp . Ll*I j*->-j L^Li^-l o ^ jlj cJi^-l LiJL>- jl 

t 1 ^' J*/o>cj UJLP <^l — Lla?- jl^-* J 4-*--* j jSH 4...».LnJ 1 ^jjjj 

4jdLj 96 i— -> jL5j L* . o J a?- j j^L> ^5 ^ljIiJI jli — j%->- Jl j^" 

jp L» J (c-^jJli oLi) - Jl oU J Cj*->- ^ ^jL>- ^L^IjJjVI 

<L^jjSfl 2L_^iI Jg— *Jl jj Jl J?L?ti,l jp^>o UL^I . AaW;* 

(jjU. .oLfli! J j^p J^Lij Lf^ljJ jJJ-L> jJl Jl 

* * * * 

p-b jl jl C'pt^J'lAJ I Ji?- ljl>tJljl l ~J 01 r^ 1 cj^ 

* 

s Ju c UL>- oj^LJl o^L^j Jaxj Jj . i ^Ldl c^® jJl J j 

,j».»»Jl jlJb^j LgjL*J l jaj yiJl J c^Vl j» «*or t— ^ ^pr Jl 4^s^Jl 

^Prj^l jljJ-l J 4 -m^sJI ^Jj-J Jj COjJJ JflJU jj 

oJUfe jl ^ !^L*lif I j jlaj j>J“l jjis£>j cLg-*J>-j jl c^Vl j» 

Jl* jt VJ C JtaJl 2 l>“I y*- JJj J? ( y£> UL>-I Ufc jj y yj jl Al^Sfl 

o^Lj i„. ; .^i ^Vl olij SjLoJ^-l JU jj 4jSf £l-br jJas*- JjjJVI I -La 

jJl Jo>-lo (_5^1 aJI ajjLL. co 90 c-ijjJLi h\^y\ 3^ ji 

<*1*>LS ji>*-oJf j j^J C j jl^"ll y* 4-l>- Jl 0 -La CcjL^ 4 jI JL Pj 
j j^j c^LsA?-^fl Jbu ^jLiJl ^ j^»Sfl 4jl-b y Lj J . j^Jall 4 jw?I jI-« 
Cjt->- jJl jl-b^j o jOl c-j>r (j^^lj cC— PjjJl -ii ^pJjSfl 4 .*.mJ k J| 

tji* I IJla IjIjJ-I JLp L^ Li jJL .1 j>~ p^-V I 

frji-l JSs.Jxij ^15" Llo-*-^>- jl . jLu-J^fl U«**ll ^v£? j-SJl 

. j|jJ-l J-P LL? jjija^ jj^j ^Jlll ctji-1 co j^Jl ®-La y* i ai® ^jl*Jl 
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JL-JU Jaji 



c Aj j ^ I? til aJL>- jXl o JL& JlIP .^ll ^/3 1 1 

.ijCA*Ig j-4 j y c jJaJLS" jwLJ 

4^4 j ^3 Qjl tf .1 2J j| >,^g * «ll lUjb <^}l^ 

y * * 

cJ-SliJ J U*>lil-| » jjJ 4^jl ? jL^o^ftS" U**t ^..,<a J 

A>*_^jSn aS" ^ ( a A ^ jl ^ . 1 ^ . w a j ^1 p *1 jiaJl 4.. ....^a 

* * * 
tAdt*>J jjl 4 jL^jJ| JjLP jJa>* £• Ul)1 ^lp U ^-ji ■■<£ ) cL^JLilJlj 

4jllaJLa ^a LaLf 4-L>* jil dJUb Jjp OV^T 4 ; U-^3 lil .^JjJLSI JjLP ^ 

j-& ^>-jUUl ^-jS/I 0 U yj\ «-X^ t—3 t 

JlA ^jy_ j J- S i2-AJ . 4*^ ‘,h g ll oLiJl - a i (^3 ^JL>j jJl j cLlo-*~^t jl^>- 

^JLp 1 -La *^Ul l_ JL) ^>KLlji lJL>- jrN.«/2.».*,*> j/l 

*UL>-Sn ^ j-Jl ^t^aj . UL>- aJLI? Ujc 4 y>-l ( Jj>-U yj\ 

. 4j Jjt> aJj jl? oliUilJl j toJjtll ^-w3lJ j^S* ^ (J ^SsJ £4 IJLjSju j^S"! 

cJM c-XJLi-lj c yt-iJlj ~Ubc4 ^>.jL ^1 <^» jjS/^ 
^JjLc>a Oj^J JLi . UJU ^ iala^il 0^ J 

*)} Lj^J j ( j^« L* jj /jjj\iu £' j _b*-l j JL*j aJ-p US" Uf jiS^ 

olxJaJl ^j-4 oJc?-lj ^y* a a: ,t 4 UjUapI j t ^>-1 ^4 J-r^^ 

J-*j J,Ull Up j~j*\ o j-g-lg cO^^UJl a^>^. i ^:]I 

AiJaJl ; L^jlS y y* 0 wU:.m 4 oJla o >1 a. Jail tLo-v^l jl 



4JU-ljJlj c(Ectoderm) a^>-jUL| a^^^I a^>-jU^I 

jJl ^-^S/U l5 ^~o jJlj c(Endoderm) Ui>-ljJl A^a^Vl 
a^>-jUU| j^-^Jrl tlj^-f la* * a^>-jUU| a^jsS/I J^dto .(Mesoderm) 





ll 
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jljjLlj (oLtl) 

^>JJ u^uji ^S\ j$\ ^ juj*1\ J £js* au>V' u( 

4jLlaJl U! . LflJiil j oUjJuJI J-lsJlj j 2^ g ft aLlIi L^JJi ^ Lc. 

tL*>V^ Ov! C 3-0 Sfl 

015^ jlj i Ll^^-JajJl J ^JfljJl ^ -^M LtUi ^ U 

1 1 11 1 -*>^- *jli t jlj jf ^-Liv? jj l , iij 1 _yju a^uo^hJ 

*0-L* .-jj J.tali ^ 




■L. Jajt jf- Jl 



H9 



JLaJ .aL*Jd J^LcSM i 4^7 / I £)1 j 0 4 (j j 

ta) jv^j I i w^ L t .< > *i i ( j^iiJl ^ ■* * ! ' Oj^j 

1 ~- 1 s ^ ^ * ■ C)1 . ^j- 41 iL-iii>u Jlj v^Vi 

(jfyii 3^*otP LgJ ^iSI tig iS** k^U 1 * ij/^j tjp^t *— - 1 jj-> 

oJJ&j . OjL-jJjJ^ • tj — i-i-'l jj j 4t^l^L*jr%J! jj i <li \-o-^ * LS 

i C^Lrti .rtjl j jlgtll '-jA _ (JUi j ^ Lj ^Jj ^Ljj ajLzJ 1 i "j! a --^II 

cSU>J~Jl J* <*iji}\ t OUJ^t J jS^\ f UUi - Lu yJ ^\ 
.L-J LlJj J - jjJaJl J± J^Jh 





J\ 
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j P 

p. jjLrtl )) o ^jP I JL>- jw 0 j$ 4 ^-jj Oj 

^ 1 0 jSO Ji c(((ontogeny recapitulates phylogeny) 



^U>-Vl 01 Qz^-'^L J Jfcj l) jJ OjLfi .4 x»jA1| 

4j»7 jj jl . LgJL* 4jt5lJl 4xJp jXj LC j\S"I 4«gj Lt d* jd-j 4jLll>*il 

<9 

Jju* C-^ojl Jb jJU- UJbu b jip ^t-lP Oi tf. jJdJl l /2**L> jj}* 1 J' 

^ j-tdJl djL^ ^jjU ^ f*j c (Ernst Haeckel) 

aJl>> j£. j> Ai <ju>“ Oli t (^fJU JLI Hijj . Oj jLj J’iLi- 

tjl 4 ^mJ OL-j^l oOr^ Ojli OlS* j%-> Cc-A^ljJl J%_| 

. aJLIS^ 4-Jb*-*^ 



L^J caL.^> j JL> JLs Jjuj* j t jw j ji jlSol <ju 0| 

oJujJO 4 JjV^j j}\ OlS* cLL^lil 3-11 ol jJd-Ji ^ j .jJJLS" c.. 
L j~^>r £* L cr *d>- 4^1 4 jjLL* ^i3 . lg^» jtsl 0 j3 Jus (jj 

L 3 Ll* j\£"Sn 4 j jlill . Jli jJL ^LiiJl jjli OL" t ^>-1 ^JLj 

.p. j-tdJl i jiJ oUl ^jp LJuts^j jl 4jlgJ( ^ O^- c/^' ^ 

^L^-Sn 41^1 jl .^>-1 0 r^>r 4I>-1 ^ L { J*^7 4-L>"l Ojli ^^>*13 tOJJ-i-S 
L^jjJ 1 g ♦ - ^ ^ * ,^w?l j L^_lj j cLLc SJL' Li* c, .mJ 4jiii>til 

J*>L>- j^\ ^ jjlS" J-L" J 44 j jL>-tj ‘v>v- c^’y' 

IgjjJ OJ^jf 4JL>-1 dli ,LAjjLj 4.L- jA 

. 4j^>L]I 2u* jj ji^\ JU) J jij jJjLi oLi? 

^1p 4 : a : a j-l 4 : .,^3ll L^jiJ 1^15" oLjliil ddA 

^ \s^jiij 4^*l*Sfl 4 jL^J| ^ Lwlj jjLj Jl 4 -Jp 0\ ^ 
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JdJO Jajl j ^ mA t »/3 A 1 ' 



j L^iLl j jJalll -ijJL ^jl caJVI U 

c-J^JL^Sf .jljjfe aJLl^SH 0*Lft ^1 p 

LJLp tjj * j Oli ^Ll ^ LOf ~>0 4 jl^-VI AjjLL* (j-* V^j . L*Lf ^jA>- 

£^Ul 0 jjiJ! jp~*VI ^ iti JLiaJ . \ g jLl>*-z] 4 jL J& *\£- jl 

cJlS" L» w\j_p tcJliJl jj. «/a all ^ 4 jI Jb oLl ^ jU L« j-fcj oJLk 

^Jl cOLjLfc-j^Jl ^\ jjl J^NJ £c-Sl*J J ^ .*~.Q j j c4->i-^jSfl ^2 -Aj 

/(JLJI ^ Otf dUi jr .L*UJ J&L 

iarVl ^ Ojl*s)1 



aJLl^L 0 O ^aII AjUajul wLlp ^Lb>-^fl ^LoJLp 01*5*” 
4^jLJT J ^p- 4i>-Vl ot* ^ixi! ^-pj ^jI . ^Ud**>-Sn (J ^p- 4**^ L^l 
^j- 4 £-*“! ^ fl J5" ^ <0 ^pr j-4 ol* ^JUll o jjfc J-fcj ?LgjL> 

^ jj Jjt — cjL* ^IaII o jjfc 0wL>tij (^jji 

VcjL ^pb*- 

(Hans Spemann) 0U^^Uj,llVl jiUt Lb d903^U-^ c4j1^j 
4JjIp C-JLS" . jjla jl J*5b>- ^L^*rVl L^it-I ^JLjJ <LjLS* 

Jlj-^Jl 015" JLaJ . ^Ll? C^L* jlxil 3 p*r j 01^-* ^1 >*j| (^ 5^ 

l$jjj L^il cJl5^ 13! Lo- 3 jjb Q1 A --»* ^L«l ^*^5! 

djL* j JU I l d^j 15” 131 L*p jl c4il5" j>-Vl «-bJ <dL»l5" cj L* ^JL*>» 

?jjW:il Or 4 ^*~‘* 





slJUU-b aSL<^J| 
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* 

La^L>o| Jjlj ctlll j J LuJ L* y . H (J-®j*JL 

fi * 

^jOj aj ^li .A^i Aj j>?- Ql a ...*> cl— -J *5Lg-^» ^>*-ii ^ L$** 

* * 

^-rf? jil y*Jo OJ . ULjj *>Lj>- L$j». JaPj t 4. t ..../ ? ^Jl <uiil jjui aL^>- 
5/1*^ aJUII Salil cJ&* aU .Aj c4a3j <• LipL ^aJLaJL* O^L* 

j^\j,^JLw>j 4* s ^2 l*j .^Ip L-LLj d)Ltt^--o j ^13 . jAiJL J l 

L*5Li-l aj jjL) Lp^Luj .^-Vi ^jp L>L>- LLajIj cLLc jjWtII aJL>* ^ 

,juJL| JLi! . C-J JL>- Li Ja^-V J Cj j la 111 oJUJLi-1 4PjJl iJ y C^Lli 

J^IS"* n I»> AjjJ JL>-lj Jif clt-jj jj ^jJLLf jJwLo-L*j Li \ LaI J j 
o Jj>~ij "Wa-J jjJaJj ji ^SsJT !Aj?w?Ij A^>-Jl!l C^JlS* . LaI_C ^>- j 

d— * j i c L y?*~ . AjL> Ua..lil ^-)i ^lli (JL^-I ^A ILa^j . A>*i^ ^ ji ^j-4 jtS'l 

^ l5 1p ojJLaJl L$jjL LiLi-i ^yaju c ^u^-l ^ aJI jL^ 



.1 ao yLc.OjJ^ 

i_ . oliLJLlfTyi { y^ Ju J l ?7 j jiaJ Aji Jj C-JlS" Aj ^>*Jl oJLa 

Hilde) dJ jJuL« IuJLa oljj c ( jJJ^iJ^Jl 0 jill oL^^ic*Ji ^ 

^Js- J-olJL l)L*.*i J* Lip oLwlj^ aJLL ^aj c(Mangold 
l^-^L* jlS L^juL^L j^jJi ^JLp L^j jJi 01 . Ojoc^aJi AJL>- Vi 

V JJ L ^aj V aJLp Ai:> y JdalJ ^lll cc^ jL>*lJl yh * . ) ^LflJi 

jJluJLJl OiS*" CwiJ jjLL l ^ .Ip C.L^.P c jjiaJl A-L^-^-i Jjp 
.A-^ jJl y* o j5+£- C — ^ y* wb^lj ^jP La jji Jjjj *V 6 jZ ^jP o jLp 

C^j^i J J . , -^ll i C A->T ^oVl A^3^ Aii>- ** > Cl— ili *Aji 

Cr* uy^ ^ 5 ^ '-fr p J ^ dr 4 Lr 4 
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JU iaj! j>~ ^Jai! J 



Of ■S 



piece from 





developing 

* 99 ? 



developing 

*992 



developing 

*99 2 



resulting embryo 



. uJjJ jJjJvL* gtymllljj** ***» tf AaJj j j£*t 

C-jLS" tiw> s L j ! j. l ^ :*K 1 J| 4 j( j5vj ^ jJ qjtjLi AIPjJ Li , 

,. Lgj ^J*C Arr.j a - ta II ^ ^ * 1.^.1 Lr^Ui-l 

Lf* 3^rSn ( jSs/ tlJbr 3 y^L* ^ y^L* w^LT Aa! 

ajiaJI d-oli *LiJ * S jL- ol^-Li* LjJ I a*jL> 

4 O^J ‘ Jr’ - -V-^ (*— ’r Cf~!^ 

•l/j lS^J 

/jf3 o^LLja 4jaJu jJ ^jL. *,* a Ar^j - lo_I ^4jLf IJUb CiJ L< 

^ la^ ^_rw ^Lj4iLl <ui floLp ^JjC- Oj^hLft » "’ -^j L?*! 

M 0 

pJLfc ^Lp \Sy^~ 1jl>- <L*LgJl SjLf-Ul 3 a5J1 lJ| • 

JL^pI d\ .(Organizer) p-*L cJ& c^Lf ojL*jJL*II 

^5%Jj cj^y SjJI^*j IaJjaI L—j ajIjJI ^ c*3Lf 4*>*jyud1 jJjjLl* 
^JawjI LiJljp ^jUL iL-oL5e> j jJ yLL* LjlLje c~i jj «LiI , LjjJ 
jlij yj Jj ^ 

A 4 .JLa .4 5 jjLi-! o->lf j t 1935 ^Lp ^ l Lll ^ Jj y Syi^j u Lo^.-.^ 
■V* j jJailt ^ pjJL ) AiLi^ifl )) 
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Sfl ~xJ ^ ajL* (J- 0 ^ <j-* *Aju tf j*5l 

. Al>-Sfl p-lp ^ A^Jfcf 

- - * 

^ LgjjL*r 4^ iSj^r ~xJ jJUL* c£~Ul tb ji A^bJ d^jjJl 

L ; tf . i ^ o i. ^j c L*jLLI ^jA (W. Vo^t) ^ ■» & ^ Ob'* 4 o jv^ 

* ^ * 

^-o— u tiUJUj cL^l* £-Aj jl L>*5 \j£-I ^JLp U^L/^lP £-sI? jJ ^Ljajl A-bi 

i " - c* y$ JIT wLaJ . 4-uflj ^-Jl j (_J^L>- ct-^A>«j L. JjtLJLj cl)l c-j 

.4-siaj j-Jl ^ j JaP JS" p jJlJ (jlSs^a <juj aJ^j ^ bjl ^Lp 

L>^>- iaia£-\ (_£ j-> b)l 

c^xJ jJuLij cj-XiLij tjw o ji JlL*l t JJI jV' 4-i>-Sfl c-LoJ-p ^bl Jjl*j 

lala>- o (jf <jyJLS* Lu-w^>* ^ 1 *j c Ql^-.v j 

l_ .^jz\\ fjL*jj coHJaJi ls* y^ {J? cj* LgJ 

. (jLo^...wj jJ ^*j U lf±^S\ Jl t JLdl iiku tL^Jr r UJl 

coL-Oill ot j^4 <y j+n i^.la a?Il j c Ttj^jUlSl j 1 0-1 ^JLb O-oJ bl 

. oLoJsll# L^j jJ L^jt--o^>“ i]U>^S/l j coLJL«^JI j c j j-J^Jl j 

> t <f t. 

i0*-l>0 ^a j» bill 0_Lzi>> Jl>- .^-1 jl5b (j^'r JJlj jl UL>-I 

. ^Ip j. ^‘-o L *> cfr>7 ^ jJ-> j*-^J 

jy^tj (^JJl caJL?-IJj ^ jii L*j ?LL>- ^ laiil jj*> L« 

u oaJ^\ I Jut J^bj . Lut c^j>Jl ?^L^rSfl ^ 
doljl jJ-l 2LL Lgj iljLiJ ^J! caJj^IjJI ajL/? jJl J>r c-i 

.aJ-I 
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Jt-JO iaji j>- J-Jajf J-AflJl 






; j>-\ 4jjLS-C. ^15 j c j jbi) <u>“Sfl Oji <— 

OL ^ **~*j jJjJuL^ li~*L5 Ujlu ^ U*lil 

^vaP ^3 . ^ >cH cLj A.i^S" ^ J L » : ? S4i>»Vlj L .» > ■ c r P S >^-Jlj 

^ ji Lil J J>“ £- jiaj 01 0-^X j jJl ^SLa*i-l 

01 o^>* jij oJlSipI 131 ?Ll>L^sj>-Ij j jWij LjLj>- 

LJ ^wLaJ ^iJl c<w^Lj JJl ^ ^1 col yUaJlj tjv-p ^LjJJI 

^ JaJ^J t ^—Jrl *LJ lala>tj ^Ji A r ^J ^Jl ob-JO J j>- A*«Lfc 4j.il 

l ■ I ^ ^ i i ^-y£ > ^-4 J til I wlw^ Ot-X^cji wXiii 4-L^O 

c£y ^ J-^ tO*V^j >t ju*wXiJl j £.1-^ ^-j ^l!l t ob-JO 

. aJOLS" LL*L^>“i cLli (3 ^1? J jj»- U^>tj 

Loj t ^Lij i-ojj to a^jJL# I^jJJj . aj aIsj y>~ jJL! 0} 
j^-Jri Or 4 A^ ^ cLgJLJl^-A 0J .OJJi Ji 

JJl c<w^L}-Ul L / 7n :^ . Jjuu 'V O^OOi ^ ^/| OL^il 

, * t 

4j>*_L>-I Aj jJ ^-^[1 ' j Oaxjj . L^ JJJ ( j> j-oJJ Lil ji?l OJJLc t 0 yil? AjjJ 

^3 ol yiJaJl oAJj O^H Or 4 0J .A^iU^I aj JU* s>- *023 j cAjL^Lja-^ 

^i>- <wj 1 jJl AjlgjJl LJI j-ii (J^-^ jJu Lj ^ill c^LjOJl 

,j*— Jr' ^ <t>r 7 OJI AjI^JI 

Jij .^Lp aj> { Js^ JL>jj Li iUJl «_^L» JJl a^\j3 Jp ^Ul ^b JuaJ 
. L y3Ui- ^LoJJbl ^lp Jii-I (Oi" ^ L^jjJ ;AJ-a o3UJl cJLJ 




jJlPb 
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j! ^ - U«- j *Up 1 Ifc-U oLLjdl oJL& 

jj-»j ol5* jl y ^jLj^J ap jl c^3l j-fc 0 

OjI-JLj t AjLfJl ^ aJsj y*- lla>- 1.-J...W .l^Lufe oj , |v » ** 

djLp l) 1 jS" J l> ^-1 Li 1 L >■ ^jA o<Ajt 

Lj^jt ^si\ ^yryil l£jj^\ { j&- 4)J»'\ y ]p y^ ( jp 

y>* J yll .^LiJl yP 4J^^A*rJkl ^ y>» yA j 4 tf la 1 a *Aj*X^- 

jt-jj-L o^l yf jj^j l)^*" fcSIyiJl 4^j jL ^ jjL 

t4^Sjy£-l O-^Li^Ltll y* <Lpyl/i A& ^l^>tl^»L |^J .^jlj^Jl llaiLl 
.(jyUoil jd* tiJjJjl ol yilaj ^uL^i! ^1 ySH c5-lJ oL-ji-l J jli 
(J »Al ^ yt yij y* LC.jJ C4dlflli>l -bJ*>wJ \ *Lk Li ^-o^u 

oJjt yjy^j yP • c!jLa>“ i*jLoJ 4 jL JJJ (jl »i ^ » J ♦ $ jjiiaJl yP 

1? yjLl y* Jb^lj ^Lp Lfryajtj c-JL^r yr j-* oL-wLl oUJb # ot yiUl 
^ J*y yll tC^l-Lwi-l ,4 jL jjl 'J* ^Jjjl y*+J-\ y* LLylaJl 
jjfcj C4J.LJUU Ja-^yil ciy^l yP 4ijj-^ll uJJj yl^Jl 

,4j>*JL>-Sn J-*>o C5-UI C4 jL-UI jt — « ->7 y 
j%^>0 yll tuJJj y 4-*j y ^ tc £jj^\ y 4 -*-^ Cr* ^ 0ta ^* 

lOllJ-l 4 -Sj Jte] JjtbJL* L jJ iJL-A . 4 jL JJl ^ ^ili-1 j:jJ^L 

^LiSfl 

Jj^M-il cJj^iil ( j ^jLl <w-^ y Xwl^- jVI jJ 

4 

Jtij (Mike Liveine) OifJ (iLL* J5” Ja>- V . # ^ 
(Walter Gehring’s) £ /J'j ^ (Bill McGinnis) 




IV 



J JU ]oj\ j>- 




PfUl Hf tWfPW ID Wt — E5r-M"0”K5— i HT~V~ 



Hsm.n Hsu I E3-E3-S & 

m m m- m ■ q-^-q-e) 

*«-** S3“«H3 D-£D^-CD-“GH3- 

m#m ~m ^-E3 




, ^ h_ -~ .OL-jyij i^tbJJi ^ +* 

Jf Jj* lZjLl*? LkJ ^jA 4jP ^IjJU .JjJJl Jl J* 

* iwZ~> &mLJb Ltfi ^ pC Jb- jNf 

■ iSj w p « i -m ^iS" Js LiJ ^jLLj t QL — i^lj ^LJJi ^ ^ 

£ (jf _/■>- iff ■ ' // 0/1**^/ 



/ Ji.- jm L*J- f -Izt Uij 



diJU-ta sSLft— Jl 
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Tom) 00 Jyf ^ (Matt Scott) oUj cl jw y* 

y* sjw a3 aLJL < illiA Cjj^r 01 cUIjJjI (Kauffman 

^J-^JLu-Jl 11 iJjt , La j ^»jLl>-S[1 LOlZ a (Jp j y 2 -o ^~1 

^ill 4jLcjJl oLJOj .(Homeobox) <jjJo^]lj 

.(Hox genes) y* oL> ^iill <jj-luaJl J^- 
Cc5 j-^1 ^Lj*-! ^ 0?r^ l^Jfc J-JLo ^ ^ t><j *Li*Jl IJU L»Jjp 
cjLljv- oi ! <IJLjL>- oL>*LL* cOI^j 1 Jl>- LgjLiLi* LlJ^ 1 j J^>r j 

CjLlJ-I . j*0*J>-1 L^j jJ ^l!l cOUl yJ^\ ( J5" ^ j-A 

ob jJlS* 4jall5^ oLjIS* ^L*^Sf ‘COJjOj oJJiil s ~j jj pJaJJ L^mJXj 

AjJL^i-l 4 J 2 J yi- Lj Oo* > 0-ijLi j-* oU^»j cOLp lil .01 jJLaJlj 



^ la JD Ot^r (J>1 j-aiaj 4jLo 0 , 0.9 liU . 4 j j^lzJI 

Jj jl c jjJalj 4 j 0 JJl ^ ,*>■ *jJrl Oli cJa-^jSfl 

*j C..T.P lilj . joCJ 
.6 j-gii ^ j <— i J^.3 cAjjJ-^aJl 



^LJ>Vl ^Jl oLlJO JJLaj jti C. 



<LiO>til ^L?x^Vl Lj»L*j>0 ^ 1 oil ( j^S" j-* olo>^ bo*S" 

frUaP-Vl ji jlaJ ^ ^Aj .^r^ 1 J^'j 4 j-WaJtj c^l jil <jOLi 

L^j c^lj^Jcll 01 .s-Ljl^VIj caJL»LiJI O^rSflj c t — 1 ^l?Vl j coj jill 
. L*L^-1 c_~jT jj 4_Aj^Ja_> olj^JdJl y 2 -*-*. 

oL J>- 4jall< ^(JlpI L$jjJ oli jl>xil yA 4jiL>til ^1 jjS r l 0J 

01 j-laJl 0*1 caJLoJ L^jJl! ^>-Vl ol jiJ ~-\ J objJli .yS y& 

4.» . ^:ll or -i" j-A oO> 0} .0 jj% j 4 jcw-J L^jjJj ^>-Sfl oLjJjJlj 
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-L— 1sj\ j>- J-Jajl !^*oL~ Ji ^J. -.S3 fll' 



M *a5j .c-^Lj JJl <o y>rj^ jJij ^c-mJ ^ cjl jj&\ J* ^jy^iJlj 

Ji cOJLtJl ^jS jjfc ja ^r^fVl :>Jl*Jl jl o J,j AjUjJI IJla 

p-P jil ^Ipj . 4 j1jJD| ^ jk^\ ^Zj^Km^^a ^JiLpLsIaj Lio 

fL .^1 ^4 sU a; j j jLi!l o jl V| ^ oli*yA?J VI oJla 

. 4jL JU l oIj*>- ^ ^ j^r jil 4^jj v, e- 

4-gjLJio» oIjIjlj*! jl>«jJ cLliIJIp o ^ JS *1 ( 3 -°-*^ jl ln^j? Jjb 
VLjaL— oj ^ A^Lj aJL*Ijl!I ( jioJ-l ^jA 

oLj I yS>- (juj c LAj aL/ 3 II .jtJtS aUA!) 4jL>-^1 



(t^ilj t£j>Jl <j**^l 



.o j^Sfl ^Sfl A* f ^ *1' jlV 4^ jJ ojjI>«j jL-^ jli L*JLp 
laU^- jl 1 A_J L^JkJI O^Lll ^ cl ,auL*Jl <JZ*S>%J) 

(. ^Il AP-LpjJl ^Oj cJ-jV^Jl cJi>- LoJjU JL— Jj 



j yi)l tjf* o L^j ! Jjl>oj . j yu olp^v? j*JL*U jli 

JjjajflJl Sjl^ jr 4 p ^ ' (Ji 

Ijjb jjj — Jl jl .Ai^-Sfl p-Lp £cjjU ^ a^SV Ajl^>tS" tclj u^_— j**i 

aJT 0 yLA J^“ £-Jal— o ^j-4 Jc>-^J V 4 jI jJfc> CO j-g-jJl jilp ^jA jLjJjVI 

,aL-P 

^ j^T^' jr 4 *JJ»* L > j l. j 1 t _ j 1 ! ~ L— jc 5 > *I j| 





viJUpb . Jl 
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015" L»Jup 4l) jii\ dJJi {ja oLlju^jJI oUiJb JiT o^p 

L?^! (.£^1 j\P (Jl^J V |+ k * l i ^ yQjJL* 

u*J^ u*J^ jj*J^ 2*«b*r ^ (Eddie De Robertis) ,j--j jujj 
oL ’Jj ^1-X^jl-L) ^ y* obr j& (UCLA) 

Jjj njlkiSl l)15" JLaJ • ( j**** d >r «iJU»j c ^juaJ a^jd Jiu 



ti 015" oU*J0 oJLa S>-\ . oLlJO ^ja 4jiii^- ^1 jjl ^p jLa\ 

c^L>-Vl tj* UaJtJ 015" oil ,I?LisJi ^a (^L>- iajr 

. L*l£ L^jSj ajj ^ laill aJL>- ^ ll ^ UaJtJ jl5" JlSj c^JaAl ^Ip o 

.^jyLl JL>- J L* JLiP J J Jjjui Ja.!* jl ^L^-C 



4jl5" (ju <jy>- Jb»r jj l) 15" ^ Cji-Iilil ^ lL-^>«-j 015" JUaJ 

^Lp liSL*j .AJj^SH ^ aJ^L^Jj J.,^* AjI jl c^?b>“ Aj 



.ajU Jj4 Wi Ji jJkdJ 

.OlSC* JS" ^ ol ^ jj-jiaJlj j» kill oUy>- oia jlSJ 

^ yij (Ritchard Harland) aj^jU :> jLiuj j l)15” j 
u^ry f ji .(Noggin) Ov^j^ oL^I U*>- a^j t^jL>«Jl ^ 

3 * » I# p 

^ja Ljaju aj^jUb Jb>-1 L»JUP B l»lf t kilt aJL* aj Ot L» 
aj Ur. L«Ur ^li cL« ijy>r u^**>Lll Ol^il ^ ajJL>-j to>^ ^a-A 
• Oy-^j 1 1 ^ .^3 ; ca*^>- {£jj^ Oy*-^ * ( * k*A l 

Jo* j-* A^Li . J-1 frl j^-Sn Uo-A cjy^rjjj Jj OV>r 



aj^jdl jl .Vj ajI>-^I ?j» b:ll Lo>^jl* ^JJl 

Ji# 01 .JL^i-t Jakitf’ ■» k:r! tJ_pLilJ Ur. coUyi-l 
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JL-J 4 Jajl j>- J-Jaif Jl J 0.11 



4jall^ jlj.il 0 Jbu ^ jj 2 j 0 ^ OV $ 0 JjL*> 4^1g*Vl oJUfc 

. * * 

c J^-JO j j jlaJ ^ I jj«i c-jLaj — “>lL» — Opr j-3 . j jiaJl J^>- 

jli tOJlli y* y^s. 3 . L iul <_£ j>-SH tLjapSn ,j-* 4 Pj-«- 4 ^ jj-^ 4-1 
Ubl y ^i]l ^JJL^ i JLiLxll I cLa-I^-j J-oju V 

•trU' Jp" y? 

.l^jt^o-pr j jlaill y J ^K>~ iS j>^ oLl^ oL-ji-l J^UiJ 

oJlp JpLLj liL*-l . o jjL>tj jl ^>-1 Opr JL>-i ia-Jj Jj 

olj-iSfl 0 13 4 J 2 J-I . 4la» ; t> jl L- Opr Ia : .t IT> ^ j-SJ ^[jla oL> 

* _ 

lilj ,Ljl 4 jl ^ iJiU ^ otuJO ^3^1 i^LiJ 4-^)1 jJb Ll 5 4i>jJ-l 

&~) 4i)jJ~\ 4-j j^L ^-1 y I ^JaJl * 4jtj_L^i Lu l) 1 0 *XA L*-oJ>r 

oL-JO *Lj ^OOf ^ a] 4 JjLa oljJi LjjJ jjS^-^3 toLJO Jd Uij 

.^L^o^-Sflj 4 j>c~jSHj c Ij*!>L>^sJJ 

frjQfl ll ^-fiJu Lp 0 y o AajlLI OwLA ^ ^ * 01 

.^Jlj Jli<k5" opr y ^ill l <LjL*jaJl oLJVI 

j^>tll ^1 P ^jP 0P^“1 {J* 4-Jj»“ 4jl p-laj V 0 Jj?- jJ 0prj-3 

c 5 j^“l <-^lppr Sap ^ ^pIq^>- ^J^Lio J-o-aj iJj ^^LL*Jl — ^ j^Jl 

Opr t (BMP-4) 4-^. fl ^ cc5 >Vl olJLl ^ . jJJJu fLSU 

•l* : ll (^jLi-l jl ^Lill c-3 (/!' ^ iaJLL. 

015" cOpr y Oprj dp^*l IAa 0 y, ^ .OP^"' 0 ^ 

. 4:a.b > jj ^LaJI ^ 4“^ ^ ^ Opr 0^*^ ^ cLlaOJ Opr ^ OP 7 " 
4-oJ ^ L^Pt5" j jlaij 01 j^>o V Opr jj 01 4^*zJ1j 





ciilPta 
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b*>L>- LgjLw ^ill cojLi^fl IrJta ^jJL dJLl ( j& Ll? ^p 
obJL»j»-Sl pi j j b* Lj ^jL 40 d-ft JaOlllj la ot^pbL l)I 



. I q *, A ~*r Aj j jlajl 



SJbMjJi j^xJl 



Lba: A » . .ilbo^wSflj ^obLlaJl *>L«^b (jjLLi 1)1 ISJ Ll^-C 

^ 0 s* 

c^JL?rjj cb j-43 \s j-«-P bL*^>- bjdJ d)l ilj^iS' l)j-gjLio clr^ 

t^AJL^ p ,^_*.**j l.i t wjjj 1 b^l3 l^b* .ctJLb ^^1 l^^ cb^l^^ c (_ 

tfcjlSl J y>«Jl Jj^Lj 55^ cb»Lc 



ol^l jl 4 ^>- ol4l o^Jbnj (_£ JL>^- jj^- L$j~L obi jJ-l b*.* 
jl ;^L LdT ^>*Sfb ^obJ . biz*j I <•> 3 JulJ <LO l^oJ ^ 

^ LgJli ilUk-u^Vl 4-*^S^L*il A^jbl ^JL p iLo^ 

.oIp^uVi oUVI 

?AlJl ^ jjj £^l>*j L^J obi ^>- ^ lojajl (_£ jJ 1)1 t ^5\X 04 ^" 

4 l)b>r jilj JpbiT o jl l$i C^i ^ b)| ISL«j 

jt-iS* ^ill a>oJU L^j jJ /jS\J 4j%-i L^jjJ j->«Jl jJjLL^j 

«7 jS\ Oj^j di loj .ot)blajiJl g\ V A^OiS* blajl 

pLoJjl! jljjJl i_ A jl Vj. 4 Aj jli lj JU-SJ A^yjJb I <L> t^-J ^iJl 

.p^Jj c^L oli jJL^til o jjb 4jjlii 1 ) jJjL>ij b» J jp pLu^S/I 
Mark) Jjdo jL. l3 jL. p_go jaj 4^*>b«^Jl ja Jo * j ^Lp Aii 




163 



JL— Jj Jajf ..i-a A II 



ol* ^ c(John Finnerty) j_prj (Martindale 

[S' JLflJ ^ja oJUb jjhj 

Jajr LjjjJj i c_-j ^iVl Lg->V $ o L« lJL?r (jwU^ 
t aiJI ^Lp! y>x . Jl jJU. tl jl L®J" .l^->- 

LgJ jJ ULi jl . Li_> OjL "La ^ja Swdli V J j l ^ 1 * >0 

. L^JjL^j JUP dJ 1 ^jA 4 S' yA^ ^ ^U->- 0 j?yS> (^3 

jJJL if Jli L^Jli J^Lio ajIJl^ 1 g.Lt>cj v *j jjJl ^^jJl iJi-fc jl 



.^15 J <LoJ J c4^iL>-j 4 j»JjL* 

c-k^-Sfl c-LoJLp ^LlpI . jl ^*^-1 p-Jl ^jA Lk>- ^>>jl 

V ^ .^-iJl ^jP ~k*-Jl jjoJt.il I Lo-^l JaJj I^L^J 

t * j. 

^kLj jl oj jJ^j jli jlS* .^j?ljvi^ Ja>- ^4 jtSl aJL*^- 



p p I 

.^>cJ l ,1 ^,*.i>s> ^L*jl Jb-I J ^i2J 



CjLu>- ^aju <LjI J-Jl ^r >*'.!' jt oj^>Li j J ^JLUj jL* - ArO JLSJ 
o^^?r^4 c^^r^tJl ^Jl i A.^j ^Jl |jJL*s>- -kki£ 

aI a-iJ oLJJ oJl> jl t jjdi j%-aV' j .^>Jl Jjlii ^ ^SIjJl ^ 
jl $jjwb JL*Jl — c5 j^>*il J jb 

ji^>~ cAajI<aJ| OjLj O wL^i i^-jiJl ^p JLjcJI ^ojtil j ^^s-ll 

. jdJl j uua ll 

J^t~ Jl ^ •j >~ i Ca^-J Cjjl>til Jb-I ^ L^lil 

^l j^tJl jjjLLiJ jl jJ-j V ^JaJl Uj jjJk ol J?\sa 

(jjLLi |^J>o ^ Ali^- o jJaj^ ® jj ^ j ♦ 





tilU-b 
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jf JLaI ^lUJl ^II JjLu^-I ^i-Jl 

I jAw.i 5*1 JLaJ , u^yt^Xrtj ^_p n & l t^Crl ijubj^ j|Juj LjLl^7 

*_/ >1 -^' jp !«£-■£< ^ ^ ! jjbi-L oAp 

jt VI 4 y^-Jl ^Li£ ^ j^>ill J ^ ^ia^J oluJt-l oJLfe J jf ^ 

.Ui jl ^J-l eLkpi W-J jj Jai lL& b ^1 j^>Jkl ^JJi 

1 jJbUa j^sj V -Vi t^i>%ll I Juft u ^S.c.b jl 

* * 

^LLf jj^ 4 blj^ ^AJ j> ^ t 1 p -,^ *ll j jl ji ** p ^ ^ ^ a [ b&j bl . jl 

jvjL>- j^>fci,l ^y^.. w> U I JUh jl jJLj j ,j^I 
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iajl y>- ii 



IJlA l)| . I LJLp *1 y^ ] u* uij^ 

* 

l) yt}\ oLli ^ f-UJ-P jlS” 

Jj JJL jJ jl_4 jS» JLdJ ,4^<JLaJl C^LL^Jl ^ <Jj*Ja3 jlL® *U$vJj 

. di-Si J 

LgJldLj A^NjtS^ 4 j 3-V^ ^5^ . AjlL.^ I ^ j C 4^_J L y >iyy * O'* lj I 1 ol 

4-La J — aSol^JI ^1p *Aaj *)L^- (JL>-Vl 

jJLj V Jj . j jyflu) cLgJLjJlajj tU^L^rl ^1 cAjL^? jJl JL-j j jj ^ 

LyhJ C 4 j L^s ^ ^jj ^L3 ^ ^j-l*4 

** 

. 1^71) ^i!l yy 

<JLj > lj I ^L*w>“S[ 4^" 4^i^Ll 4 jL^ jJi ^lp LS j^ j4 IflJ 

JjLj L* JLlp c^Jj>*j liL* .^^Ll^-SH oLu> JjJLlf ^ jJL L>JLlp 

Ljsjt-xJ > A jtx 4 Is la £- AjtaXJ i^_t* c * <** 1 f' L* 1 L*^^* 

^ 4,1s. .tjj ^jj (^JLJl c yyr jj* 0y*r L*>-LJ ? ^y>«-Jl Jy LLi JL>-lj ^ 

lil . 4j i^jfljJ jjJall^ ^L.1 ^ tOl c^oLa-jaJl 

^JuLjaJl jli i^JuLje 4^sjjj ^s ^\->" jj tl/y*r j>Ti oL<Lf LjL>- 
<? , # 

.UL*4 <LiLL?j a-'j ^I>- C ^JLi? j 4j J^> 1 j 4 J j-oJj L_J* 

^ * 

p * t f 

JL>-I JLp tLjsjl ^y>- jj ^rc>- ^<4 4j>*_^J ia^JL 1 1 “j^Jj t ^>«_Jl ^jULi 4J^-I 
0^* L>pr^j ^ 4>- :a1a-U! aj JJ OVIj 

j 4j jJ ^JjLjs ; 4j>t-li!l . „h < yji> r ^ 4li?-lj t ^>i_Jl 

*» 

L/y*r y ^wLiLjsJl Li>- L«jllp Lj ^Sj Lgjli 4>r ,:;il 4 j 

.^JjL> ^ ij^L* 





dJUU-b 
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d 4 jLS^ * Ii t^-ajjl (J* LiP^^TjJ llili CciX^ (*“^Jj 

Ll^vJJj I OjLSj l)! lu£Lc . JLwtas>“ 4j jJ I j-fc ^ c-^Jj . 4 -LjIa 

^<Llil awLj>- j o->Ij j — I JjI :>L^I L^jjJ ^Lj^L 





£J 4 L^J| a ll 



C-**T ^3j j» 0 Li coljl>r:^ll £-©^-l JjL^I ^ U^Si V 

Cj-^-^- (3*-^*“! Ijl^J C LJ^ Lv I j ^ i_ -JLW^ ^ Ti ^ 4 4 ^a>j\jT 4 * ./2-fll 

. ^llajJl l*-* L>*)LL( ^1 1 ^fcli 

f jfi 3 c^JLiLj? jt j JLl<JL»j .^y* j ijJaly^ (_£ jJl 1 1— i ^laJl JbLl C.- '£ JLoJ 

^UajJlj ctlijj ^1 ^-ojJt JL3 eJ^jLjajJl <Jj^- olx^sAj L^jLl ; 

L-i jliil 4^LdT.^LLi 4^t_-*oVl 4*Aj jf IaJLP .f-l (J>! 

* <* - . 

tL»l£ liLLi ^j^ii-l 0^5" ; aL-<^- » " j ' o-La c^ilS" -Li! .^j^-JLiJLj 
olijiJft JI>Jb ^ ■ -Ll j>Sf! ul^* -Li! olx-^aJl i)! ^Jlj 

•jrWj i>* ipy-^ 

<* 

^jlj -LaL^I o. iS* c -Up 4 JL 1 jJaJl <s*> IpLJI o_la 
f*fji V JjVi 41^-Sfl CJlS" • L ^^* (j-* L-i ^4 ^5 U 

jil ^ ||j ,4 jjL*w* o li L— _c L^J l>- 1 2) b^Li-t c-JLTj c 0 jbw^ 43^1* 
<L* -Lilli 4-L^Sfl ^ p-PjJl J^l- 5 Ij^jM c-J LT ci-JLzJl 

-3j .jSLtJj ^llflirll CJlS^j c4jlil5^ -U-U J C J & 1 

J,! JjSM J^l Lfjt j ^1 o-La -U3j 

.4^JiP 




dL U-b a5L^Jl 
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^ j-fiJ O' 42) J j JLP 4-jfc ^JL j t ^il jJuiu V ygSl ^a 

* g, * 

\ Ljla y Ls^l d) ^-3 ^laJl c-Lj c<— -> jiaJl ^^a C..^,.^ LaU? . 4 . ~ aj 



{ y2^J* uLj LgJ JjUlU .jid" ^-3t>1^0 ilLjb ^S\Jj . jbi *0 j Oj^-J 

ji ,*>Li ^O^SHj ^-3' La' c *— -> ^J aJl ^Oaj 01 01*3 3yu 

tLgJ laia>tll ^ u-3( ^OSf' ^z!l CjLa jl*i' 

Lllill o j J J-La £y*-*r y^i of ^^>0 ,iJ>- Jff ^5 J-* J-! 

^JLj 4 OOx.1 1 0-U& y>? ^1' cTjO^ijtll 

. i 

. oLI jJO l^j 



( # 

t<LaOlA-l ^ j t SjjOl 3 y>? y* L^L^l AjC^oj [jZ I jjiS" Oj 

* * » 

{ j& Lali5^ jJLj Oo^^>- 01 . Ulaj' LgJU-b ^ _^>r y* Olx>tj La 0 Li 

£-4 LaIJj>-| O^Li-' Lfj ^j*^a »i ^iJl c 4JL ^lajl v t ^ ? • j^hJI ^JjJLj 

.Lg->-0jlj ^ ji> ^zll 4jiil>til ,3 1 ji'j cLjla \ q\.,/o\ y 4jL Cl£ y^V' 

^jp d-O^L c la 0 5 ^ ^1 p O' ^-*3 



JL*^- frLJ 4JL ^1? ilLjfc O^^j Ol c— >tj c^LajJ'j jJ' 

4J*a La 0^>*'j jJJi '^LoJ . (JjSn flill ^ 

IJbJL>“ Lp jj £cjjj j cLjla ^oj>t ztl £ OjLo ^JslS jtJjtii O' L*>Li-l (JLp V 

.^V'^La^ 

4j^>Li)' 4 JLl^V' J jLliO ^_) . JU^i-1 a*aLc. Vj' f-LuJ ciUi |t^4tl 
ouS"j oL^>-Sf' oLu ^1 a V'iLlj c l 5^ • ^ j- 3 " - ^*L^J' 

VL*L*f ^L^>-f JLa jl cllS" dUi ^ j*-*V' j coldj 
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O'! jA 1*4 .J vafll' 

JL*>^1 ^jl I »Lto jfi>\ 



. ^yk •b-*^“l A^a_4^U yti £tJ_C ji < m ^ s ^ m ^ 

S< # , V 

|JL>* i^jAl^tJ ja\ \S^)\^- ^yk AP yo^r jl l lj^JlSs_J I ^jA 4_P yoJ>z_43 

(Jjjjja Jl ^jaj . b ji Lfr^J jt ^Jl y* y& 

. J yiil iil jJ>l ^ U JIpL-J jl Aj ^3 Aj ^a^3 tjJlJi 

VljjrySyJl ^j-4 4-P j-o-S~ ^4 L js£j\ ^<a.«J OJL>-l jJ bb 

jJ bbj AP j-oJ>*-C. ^4^[l jJ-> ^ ~ ^ 

jl ^v^-C ?^bjj( jt ^JbJl JjLJ jl jb-J| y* L£\iM ^»; 

.bJL^ll*4 ^lll L^bcJJ Laij C(jC-w* A^o-** jl jbbb jA Sfl jjj Lj 

! ^bor*^ OJL>*il ob-M-Jl (^Jjb Aj ^^fljl Aj ^>tlJl 0 jjfc 

(_£jb*Ij V O^lpj . aIS* bull b-* Li Aj j^il J-ob> 

iiLjb jl |*j .oL>JJ Ajj Jjv? plj>-S[l ^~L*cbl *lj>-l 

oJjtllj c.JLaJlj ^bjJli (j- 44 -^ 5 Jl£>JJ S3 

^ U t^bf^l olj ji *^4 ^bl ^1,1 JjlC I Jb *ll j» j, . ^ aT jl .4jjl_ai4 

.U^*b-I ^Lj ^Jl toU*jjjJlj toLbjj tlj^iLl jJJi 
tlj^rSfl ^ o3j>r y C.. Aj aJ b ^j^>xJa jl oJ>j:> JU-j>- jl 
^ip — UjJb \S^h>- jl .L^AiLlj i<b«_*bVlj ulbapVb" caJ aJ j^ll 
jJJi> ^S' j .^JL^jj cO-^j-^j i^y^\y^ ^j^_JLu ^ . w a j (Jlill 

ji JA {+* J\ { J*£ lOl y^M JJ AIlS^ (^JJI tAJLP ^^m-iJl fciJjli 

ol jJL^t J-J (jJbjJ ebb" ^lll b'DUi-l j| lAjjJlii jVl iiwlJbr lj*!>b- 
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^Vlj . o j^“L» L^JiJLl^l 4 C...i.l‘>- 1 j OjL Ji 

* * 

^s * I ^1 .p Li" *L L 4 L 0 O 4-JL>- 

^ jt-jjli s\ j3)}\ ^Lj 4<W?^>- >" jl Cf-lil ^ ji 40 jl— * ^ 

. Ll^>- V ^ 

(( Oyu)) LjLjapI ^ y^s* Ji" oli 4 ( J-m^ 1 jiil ^x--^ ILa p-S"l y lit j 
^UixJl j-C OV c<x*>s-^ 4^.. ^;> j-oL »j% ^ 4jlSL»j 4 -^js>>- 

UjUL?7j .Lo^-L*>- cUajLs^I ^ ^QaxJl j-C ^,4 ^j^Lu luplji ^ 

4 A 4 *)Lj ^1p y^ 01 Lgj^-C. oV £^*-pIj 

* it 

L>UO .*)L* J jJjJj t^LaJ 015" jJ> jA t O-bo L5^ . a>t la .* 

. j-o!l yJ V :^yljiJl ^5 V JjJjiJ' J>-L 

.Ail 4 ^— ***-^"1 ^y* 4LL>Ll O^^Vl O^jl^Ajl ^plAJj L-)jlp 

yA A£* ya^ ■_ 1 LAjLP ^LL?^\*Jl aJ^j *!)L<>J .^j^jl^Jl iO^-C 

cp-L^ij! L^L^jajLj . (£ ^>-Vl L)^0 *Li> ^4 OjLJl ^p L^iLl 
^JL^j 01 L^iLl oJl^J cv-.^Ll* JSsLo o 01 J* LgJLiA3 jl 

Ji" olill^j^Jl 01 . ^j^aj^iJl ^L*j c£~^l 4^**JaJl Ojl ^ill 

u* 

0 j-*ji$j ^jaJI <^>tpjil5"j . 1x4 OjLJL L*!>l>JJ ^ill 4 jlpI jJLSI 

* 

^ ^lll 4 0*15 " jJL-JLj ^ jjJj 4 1 Al>- 4j j l.*.T.i I olx^T^fcll 

.OL^j^fl j *-*~>* 4 j^5*Vl Lg x^Z5f JlXt 4_5*^ L^A>r j.,^4 

J y>cj 01 ?L^v-^ I yxl JLjI*i)I I Ojb J5" ^j4 c5^l ^ 

C-JLx 3 Li" 4^L*%>*L oL5 jk£ jJ,l caJj^I oJ^-j oli ji^ yA 4, tf * > wJl 

^ o ju Jj> 7 oUl { jA JLii^u 01 Hj*)L“ ^1p 015" 4^1*4 jLL ^j4 jiit 
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*L} J ol :^LJl u UiJl 



£-* LaIwL>-I J-^ I jJi Jl -Lai .1 *j> J-ojcI 

^Ip oj^15 0 jS sJ ji JJ .oJjJl? 7 JS^laj l*>* 01 Jl 

— Ll^ll oJLa 01 . 0 i/s pSH Jlap 

cL^lj Lo-J of Lj*>UnJL! i<j ^JaJlj <j2rf ^w a J l 

s-U-J 4jjjj%iail Ji£ — ^lll cO-’I-SjJ-^-I j 

.^^jSfl J-P L^ljJ c^jaii>Jkl 

jj * .Uj-JOj IjjJaj COtj^S/l o-La j| 

lllp oIS oLil ^>* Jl <Lol>-l oIjI y^>- 

. . * ^ * * 

ijS\ I JuaJ * L»li o Jbw\j>- C^ljJli Iff # L*Lf IJb-L>- 

aIS"!^ 1 g llju ^.Lp L^jJLpL^ oOjO_>- »Ua p! 



< 



( C - 

■» k*-* *7^J 4 ^JLa-Jj tOlOjJlS' U 4 jlO?I y~* o ^X j o JUb 

Lj JL^- JS' 01 . aJL^I oJL^-j <WaJ toLJO jU 

f-Ljflpfj jJlj c^OjSH ojIS olJl^JO — OVI L> yL < up 

^— - 0j^3 JjL* LaUrO tl ^I>-j C^L^>-Vl 

0 L« LJLp oj LUiJJ jjp 0 01 jVl jU 

JL^-lJ .OjOljl OJ-L* OjOLs^ |%-S* I £ 4.^/3 jSfl 4JU*Jl Jo^ 

(, 0wL>-l j 4J^>p Jl Oj^m .,^3 7) ^_ij 4JL*>p jLU 4^5 ^L> (^Jil c^ jSfl 





dJULPb <5^., Ji 



172 



jj^-Sfl 5JLJ aj jjLj JjSfl J jS/l CLl* j jSvj 

^ Ip oJL*>- ^J l d^Lij L^vJl l^o15" c yj y ^a 

. L-^Sflj c L j c 4-JjLl dJL^-j 

jjSn olj>u jfjk Jjij .y.ysl ^ |i 4j ji^ jjij 
oLI ^J-l ^^0 JbJbJlif tLil .y a **o j A r a j^j*)LJIj ^ jlS" 

^ SlJj 3JLb~ ^^Ip ,jyoLi c^JliJl Jll4 c~^Lp ^i!l colJLJlj 

■S— »* i J 9 J^ 



. jiL>t!l ^ j ^lal> L«JLlp ^ *,b T> ^oLill I JlA j+JaP jl 

^Ip J^Liu j jSo c4jl^ j^JL* 600 ^jp La ^p Jjjj ^x)I cj ^> waJl jj 
dwb>»j cj Lj 15" L^j Jl£ Lu^vij . oULJl jl c->LI yj~\ j yA 4-JL>- 

jl cJajL*j J^Jto C->l j.^.r7 ,,m.U oJlA jl ,i^_jL>tJaJl C->l y* jC^~- * jt 

jV (jL^r Vj ^aJL« ol ^jiju tU^jJas*- 

,^L^>-Sn ay. j o-La ?. ^il JaJL^tj 

Aj jj J ji^Sfl ^ JjVl f L^Sfl L?tj J jt jl 

4.0 jp oljix k o olJj 1960 j 1920 j^-J . <^IS" o ^ol 

y* oL^Aillj coLjjujJI . ^t*Jl pL>bj1 La>- 

(iLp c (Martin Gurich) Cry cjj y^Jl j J Jl 

4P j-o^4 t (Namibia) L^Lo ^ L* ^ J-o-*j (jLil oIjL> t - : ..~* 
LgJ .oUl yp- ^L^-l 4j\^ (Jb Li oljtJaJl { yA 4P jJLL* 
cjl5" Lc.j 14^-oJbl oli yj ^LjjS' I 6 -La C->Jj Jij 

.0 yJull jl>«Jl ^ C^J-Lp ji jl c 4jl-j 
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^ ol ../gall 



Reginald) ^ jt~> aJL>cjj J) jji-'-d' ^ Vj 

S JlLJ l ^_Jl j^-\ aJ o j 2>~\ gi y { Js- c 19-47 ^s- ^ (Sprigg 

^ <Ll<kP . CjLL*_-j tSJs^il j *--’'-*-4 9 ( _ s ^ j^>waJl 

aJ' (Ediacara Hills) ' ^ 

,4^-lj l (j i^ayj toLiL?w*Jkl oAa i_fl .» t5 *1 

6 jlill IwLP jlljdl ol jL» y <y> jfu 4g ...£ cljl-b iy jJl 

tOjP C«j15 Jj , aJojiJI 



. Ijj I joJfel Jaii 

jl ^LaipVI 0t£* jJLa] ^pL>J 4 c-j jliJl <-*-->» OJ 

{£jy» l^Jl /^4 L^J O Jj>- J y>x^> y* C^tL>- CjIj L>rt.M il i^JLL 



ol ca-jIjlJI fL-j*rSn cJlS* <L~>- ‘(Cambrian era) 

* u * 

cLwJ oLdl ^j-J^ ^ ^ ^ ‘ ‘ **' 4 J .LL-obOi 4J j yu* 

* 

y* *li£ aJL>- y* tA-j jp d-J ^ Ojj ^P O^Ia-IsJ 4P^o^- 

*lp ^ jL< o jiJl ^*^4 o1. :>"m -J l a ^1L » 

.aK viUi — LJl jw»I J^x* Ai\j (Martin Glaessner) 

c jllx]l ^j-4 ^ j^>waJli j jJU o jLL» 

A1**j Q j) *l 4 20 J 15 (j±! ^*Ail d*b L> d « »*. M oj-fc (jf j-u^*JLp 

ois" ^Jj tolx-jajl y aJj? AP'j-o^ ^ .kiJLi Q jJl tfT>j Ijjis" U 

• ^L-srSfl Ojji <£Ov-j 
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. oL ^ j'^ /— * . / - 

tv^ ^// iJjjJaJf SjZaJf lip- y 

^ *1 LfJ ^ ^ ^ I 

tJaM iJj^f iJU p-j ilsUlf 



oJLfc w>tL>- JLaJ 

U <Lo^l 

((Precambrian) JJ 

0 

JJ)) Li f- ^11 
jpy . jijl jJ 5 LJ-I ^-LoJ jj 
tL*JLp J -A>j * 0 V^ 

_ a^^ic. j&\ k -A A ■>-•- - ^ ll 

^6 OUfcwjlj 

*Jj L*5"j ,^L*%>-t I 4 J i^li^JLiS- 

oLjl jJ-1 c->Ljo — * ^ ^iji* 

Vl^Utc-^ lJjVi *>Vi 



Today 



5<Xf million t 

ytirs 



first modern humans 

first land animals 
first bodies 






first fife 



4.5 Billion Tears 



* j Li 1 ^ <^S ^s*Ll* jiS^Sn oLI t ^jA 

,L_-3jjJL* ^15* JwLj 'V ^-J oll>u> oJLS"j 

i?Ui 4-L-^r 4J e^ij impressions oUvjj Ljil J^iil L^. 

. e> cjUjIS^ 5 jI ^Jjllaj V Jl^-iVl J iiaJas**l)l^ tiaJuJl 
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f tLj ^ 



6 Jb JL p oLjl^Jl ol Jb ; I J La A>*-j?l j a!L*j .iILla 

LjJ jlS* c^li oJla , ai** j^JL* 600 «-Laj ^J-3 ^^Jl jL>*j 

LUUt LgJ jl .lj % )liJj ^yk ol jajC+*j* 5 j£: jij il»L?r IxX^ fL*^-l 

. I JlA Lujj ^ 2ui-| oLjl^Jl J* i* yr jll jJiJ oVL^I L f* Ju . ^ A*-jJ 
caJ-I £l y% S \j& L* IpjlL. j&tV c-tUty diU a~JI U 

I >tl4 t ji ‘S3~> L^-o-u-^- aaLl>*-LI tl^^-Sfl jLs 

»bi»)l L^J jlS" Aj^y»l^Jl jJ-3 oLul^Jl Jl ^i*j 

. yS j£l\ { Js* L*U I Ju JL>r cJ jJl jAJi ^ jlS" c5*jJl 
^ laii I y&lt ^1 ol jotJl oJLa JJjJl jl 

^L^>-Sfl . Uajt l^d^Ju Jl ^ Ixjj c l ^*>rj tfU^i-il 

Jjl ^S' LLo (£jl£ j y > «-*aJl C-JlS" . oljL-w# Jjl O c^jSfl 

jl .^oJaJl jS’ cJlS" ol5^i->til jl ^1 JjljLil 

oJJi j it ^Vi a~sj ^ji ojit 4 JjVi 

olfTyo fLUl l5 JLp dj^li cJlS" oli jl>til jJJLi jl j^la> ^Jl j 

Ulj LaJj J^- j j^lj c^L^-l L^J . L~J oJLSa4 

.Ljajt o J j Ju>- J^u iJ yxjH cl^JL>w^J C-J ir 



oUaja^ll jJ jl JJ (J,jVl (*L^Vl c5 jJ aIS" IJla jl 

(S y jl jJ** aJIJ-JI <J»J^ AiJ^-Jrl oUaJa>«ll ^ AjJL^JtI 
jlUl jli .IJ^Aj oli ^jSfl 4jJ-^Jrl C-> llaixj^il 

^J^ajaJl ^ L^j Lajjj ^Jl c jl ^J-l aJL ^- 5" J^-ij aJ 



.JjSfi 





dJUU-b*£«_Jl 
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tv_j iS j l*L* Jj ,J* bl* La5 " j 

3j yS . j JJ oliLilS’V' bjy>J .^L*orVb lili j 

* * * * f 

,*>Li5 Uli£ ljL*o» JL>dj jl UJLp clili c-iUall ajL$J t^juS" 






^ 1jjLuml>- &Jl£ Ol t jJLiSl ka^li jl oj j-^aJ V 

jl L> .Sjj^I^JI j 4 oLajl^J' j 4^^^! jiSfl oi* 

4 j ^ £-a 4 UiJLjJ J5" £a 4j*£*Ji Cf*^ ** 

?|*JL$ ^a 4J y>t~*u> olilj 4oJbt^ y>tJ JpLif jJ-j ^Jl cillj 
j j^Vl ! Lg-La ji* V (S J> k»JLPj Asw>l j 4 jL>-^I l)I 

^jp A-fll-I5~- * r - * — AJ^jf ljL*Lu-b>-! — Ijc* 

oLk jl 4 £3 1 jJl ^ .^CJlSJl j ^ioj^p oL**k 
.1/^1 ApU-l oUl jJ-l :iijbJdl jjj jCJLi tDl£> ^ otiJ Oi yu>\£ 
J>* J ^J-a dJl5l tl J-^ 4l*-a b^J^I <P (_£ jJl La 

J5\JLj Aica dJJi 4 Lilia olSjIi^ ?^jvP 4-lia ^1 

jl Liajl lilj 4<— Oxi L*-a UL*>\^“ Jj.^L V <i) 

.li*/ly fcAjAxJl 4^j»^l^*J 

* # 

40^lijJ^I 4P j^'«.la &£* 4jI lift ^c^saJl l)J 

^k*j 4 c5 (jy^\ .Iftt 

4-iIlitf- JyJl Alia jjJ . aJ Alik JJ 0 j4 k-a jJaP J 0-i 
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.,(7 a 1' 



^ io Lg-Jl ^ ^ J-s’r j-^ <-oJaP 

i yf^i lTV^^J t J^r jJl 4uJaP <jy y* -b-bJl 0) 4^31 ^Jl 

.La^-U»b .}l^ilj LgJ V J 7^ 4 c3 

cJm JS" j*-jbLiil aJLgj 0 jii-l J,l cJaJl *— j*>U^ ^ jil c . -^ JjJ 
jwA*. Il J,jSfl ajl— J l ^^lL? ^^JUi A ^lil 50,0^1 ^ I y^l 

AJI J-*^' jJaJL» c.LjapVl ‘—3 ^AlJl A.jL S " Ij^oJjCj jl 

JLj 0 jAyij . j^j>*Jkl As^^oVl 

aLlj J, l ^kJL> aJ cJl c^JlSI ; jlLJI a 3 yu:. aJM a^II oJl a jl 

^1 ji!l Aj>-i_>cj L^sJj CA^jT A ^frll 0 JlA jj .OjOCs^ Aj yl! (3 ^1? 

ct>*>Uj Jl5l*i>l ^ ^IjapSfl ^J> jjj I ji!S J-jajl ■ ^>*^*-^1 

ojwLiil jjj jl Ljajl ^ j II y* aJI Lo» 5* £ 1 ^ Ja » j (jL,^,zil oLfTj 

. l^: : ; JL>- Jj L* JbJ3^ ^lp 

Ia* J.,^:T ^l3l Ajiil>tll ^jl ^JLp Aj5>-^jV| y^- 

(J, j>-\ ijfj tb^iM ^ja oJu^pl jl iaL>^ 4 C-»li ^jlaLil { jM> IoJLp tj^ 2 -! 

oJla .^JLwLoju jJr J^Jio L *a jJ -^~~j l _ - - ^ Ajl y* t,P Ij^iM j j^J 
Oj^sj L* O^lp A a Ls . ^ ^ J'i^' L — - 

(O^IaII .o^-oJsi Au L) j^jaJl A .,ra > l *, /a >- J^i 

JjSfl I « :.; C|» la»ll 4 j^)Lm 9 iJL^- a lajl b^>- Jt>- y 

•^Jj* p\ Oi*J' ®J^ o* c/’Wi ^ 

^jL lil l4j ^Sljsiil ^yt tL Ja£-Sn -b-l^ ^Lp Lj*!Ai5 Sj-ki j| 
iJljjb t L l! a..-m-;.11j . I ^ : : ) ^>ry L*j lj^i-1 l— y ajLS" 2i ^ 
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tAJ^J f Aj^JiM oJlA J»x>f . lIJUS jJ-o.pI 

4jL ji^ iSLla jl J) . U^L-ort Jju 4 ^ill oLtjj^-l ^a 

^Lla jjIj ^ju ja ijLjb ^1 jl jl tl*-* L^jL-l 

. b^i-l ^ £-aj jSfl l5 ^ f L-o4 
^a oLiJ ISlij tj^ jt ^ ajIjlSI aIjai of ^i*j 

l\jla (jL^gxIV' L5^ -IpLo-j ^Jl oUjjJt' loLbj^-l oJLa Aj j j 

uy ^ill ^1 jil j iL^jlj L*^ LgJ .-u ^i)l coLoj^lj 

^Jh>/2 fl 4 ^ y^A cLl^L^o^Ij ^jj^\ *-_ - ^ y^ iUJb aJ L a? ^ ^ 

cjjl^t l£ ^ la* )l LlI^a-a l)| . LlI^^a l5^ 

<ja}\ cUa^t y aS^Iit jt oj>*-s^ olL)jJr ^JJl 
^S^L^A (l)j>-^3 . y3 « ^ ' 1 cA*IaJ| ^|jlc 

Oj£j ^jJj . A^-^Ul s\ jXl { ^y A *V 0 cAjj^iaP 

ilL^I* L$* ^ i* 0|«® , Lt^Sjf ^ 

^JLaO (JjjJi c j* S^ ^^oJajtil Lj^^A J a/3 Aj AJ^sjT JLi A**>»L^^[I 

.Ulp Aj 

0 ^5 0| . y++^~\ jJb ^oJflJl]| LiJi^jJb aJjuJj Ajui jjl iZJ l g ^jA 

£y^J A*^Ljj caJI^L*! J C4-^j!^P ^L>t>-1 *-^ ^ "■*■’ 

> 0 f 

. l^J-4 OjSsll 4j j-^>t_Ll «JL 4v I» > l Jgjl Aj 

JJ jl 4 -l^j: L» aJ y ^JL>w> iV ^j^“' ^ 

Ll*UaP ^L>»->-l L5^ bKljb 0 ^3 0j3 
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LjillajJ ^LijjJLi jjLl ^ip Ljajl L>5" cLgJl^Aiij 

* 

LJ!>UaP ^ jiJ c Jj j£ J* J j L«~l*> . iS yj lS 

L^IOi) ^iJjj tLJL>-jlj Upjilj 0 c^LJL>VLj 
^ j-a aJLLc4 5p j^^wo. 5" tils ^LLaj li^llip 01 . ^La*>LS L5" 



oLf 0} 45" jJ-l OJA> JA" Jj^t col ^LJlj 

j±S J5^iu ^*1*^ Jh ^glp LJjJLab 14-^L^Sfl «-L j-5_!l ^jj LaL^-l 
wLlp . bJL^ LL> i_ . _> ) jjj 44^^1 -Jj c4j5^->»j c^oJaxJl LiJLn^a ^1p 

\:**^*a~ jli cilVl ^ JlAO Lo5"j .Sj^5" ^-S^" j55 clr^ c-lA-l 1 Jl& 



^jP ^LIlp 4jw\i c^llp ^JLp y& ^JJaj ^i . LlaiU^^ 

^ y7^< c^wbLskJl j\ ch-j' «^LJ 01 . 4 PjLs^> ^Jlaj 



.^j5Al (jJ*aJ (JlA-1 OLaJL^- t^-A-ftJl^ < -J ^U 



JL>*jJl |^laP ^jA 4 ^jjCi 



.jol i aj^s -4 S jiiJ OVI (jU 



^^JLxOJ 4^s^L^aj5 j^JajJl ^iuu La Oj^iL-4 ^ t ^J>tll c 

^>-jLi-l jLl?^l ^1 p c^jS"Lal ^ <^JajL4 1/>LA-I jl .oj^oA 



. J yjSJLA l j .1(7 « ) LcJLj clat4 b^LA-1 . I**? j-s^>- ^UajJl ( j^» 

oAa <jy. . ^JajJl 5 ^3 ^Jl tJ>l jll i y*& 4J j-soiil L>*)LA-I ^ j 

cli-jUU ^S jjJL^JI jt-^L) 43jyfcll c^U j jJLJl jl ^Ijll 

4-JLs^ c^jUUI j-U^Ji a^La jl .^1 ^Jl ^J^ill ^ aliJuiU (^AJl 

cdUAJ .L^J jf L^jj jup 5 y Jifj cLg-kjw? jjp 4j ji :4jLy yLl 
5u*>“ ^ UajJ l jSLislI C 4JL»*il jjAl jf ^ jJal l ^jA 4pl-Lv^ Lo«^3 

45"j^I ^>1 j-Aj ctbijVlj J-Laj j 4J?UwajVl L^ijUi>j ^^ai! J-sAJ 




uilU-b 4jx^. J' 
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. 0 jiil (Galileo) 

jiSl jJb >j>rjL\ *■<*£ 

* * 

^ I «-X^»T.“ «,*> L) 0 jA 10000 tki bl Ip^jyA 

J*>I jusii arv jj^L« ls-Jt> <Sj^ 

J-J-l ^?l j^- <J — cl^rV I-A-* 

{ j^6j yu 4 laJLsA. J l*JLLP jL^-Ij <U^Jj 4<U>*_^ JLP L*-mJ (j£^3 J-J-Li 



JLiP ^3 j . Ja-x jJl jl*iJu JJ“I JLA oJ 

. Ljl4 4^1j L^J £3.3 JllP <U^Jj 

4C~jULjI ^jX^\ ^jA j > tJ ^ £-~o Ij^>“ (j- 4 |% jj^O 

J^rlT ^ ^Sfl 4 c5 oLij^l l/ 2 ^. J j 

— ** 

0^3 ^ip Aa 1^4 |%JajJl 0 ^3 j| Otai-A ^|>-i.3 jjjJaj j^-V^ l ^ Ja* ^Ijca 

. 4 i?.» ./? JLP t "*-jLiIj 1 ll 3^3 ^ip^ 4 4^>t-»>' .Jjp 

L-i^alj — ^oJsmJl liiSLjfcs ^ — ^Ju jUlaiJli 

<LopLJl ^Ja^Sfl 1 £ Jj\&m}\ 4 4^JLz 5^ jjb (J^>«3 , Jl ^ismj t 

jiSl £c.«^j ^3jjsA*Jl jl ^-Sfl ^1 p LaIwX^-| ^lll 

t jjtjuill jl . <uip j3 JllP 4 ^Lj /^SCc c^UaxSl ^y» 4j j 

^iJl — J >-*)} I ^j-s^Liil ^jL) 43Lj?l -“4-S" jjl J-*aii ^JlJI 
la • ntf jj L* Aip ,Lmmj 4j ,_ jij jLjaP ^ j ^1p 4b*l^j-^ pjjl 

,£t-Jail 4 jL1S" c^JjU-JI 4jts^j ^1 LJb £j>- 4jli 4 j»-JL--JI ^3j^v2xll 

^ jVl j^Ip UdbT 4bJj y> ^ 5 J^ 



LuUaP jli cUU^LL* ^ip 2LJI jJl A^ijjsJaxJl oLstJiJl a-i-A j .AL a- 
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c-Lj r^u.LJl j .. si a I ) 



^Jb-I aJlftj ^^Lp ( j>«ia-Ll! C-JlS" 

.(_£ 1+-T y 'jtoj La?- ^ A^l*- i^jujljajJl Alj^l j| 

^Jbj cLjLLl ^ ^JJL5 JP ^ip Ll^LL* ^ 

^UijJl ^ Jl^-1 L*S"j .aiJLLI ^1 ^il Lg-i-j Lft-j sJj-sAfl* 

t_jjjLajJl ^>- ^Jl ^ ^JLM jy. jli 

. Aj^LxJkl 

AiLj^L) L*>L>- <jy £j yiJl ^ h»* <j^>-V j^Jl jj 

jJbj t UL>“ Lpj^4 cJujLjajJl ^la*j L£ ((^ ^3*-Vl Ul^«-M-Jl Ij^\jI- 

jL' ^ 4 j^L*JI jS' oLij jji-l jlSl jl?-I t oUj jJ^I ^>-1 ^ 

jL^u*jL^jjjjJl JlLi-c. >*Al io lijjJ^I £^jJl Iju^ jl 

j( k^ uj Lj^p SjiJl uij^vox U ^k*j c (Proteoglycan complex) 
aJi^Aj aS*}LoP a Li y ^ c£jJl jjjj>!I JlLt* jl 

^->tll AIjj j ;C->lp yilJl ^ J aJL ( jL» £-4 jLtjty 

4jLL>- J >',<2 tf; ; JjLJIj ^ip Lj jJJj aL< 3 C->li aJLaJl* AwsLi- aJ 

lil jl^j^br y jjJl ^1 ^h* J ^ K -r*^~ A*JL olp yilJl jl 

Jl>- . ^j-4 a5*^Lo*P AstlaiS^ j-Lj ^1^- tc-llb *c£y>- j-* 

l)L>*-! Lgjilj L&J-ij c^L$Jl ^j-4 AalaSil aJl* 
.c-3jjsIajJl jJb iJlfc jl .tl fr^jjl ^a*j A>»jLL4j 4 j o^L# 
objjJrl jJij jl jil cAjjjjLajiJ I L'jULl jj^j .LU?Lii A*jI J a^l^j 

. jl ^*^Ll ^oJJ V L-jlp LjJLp Ii»LbLlj ; jl jjj ji ^ 
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A^Jl^il SJ&XJ L* ^A 4AiJ^K-Ll il jll { ju t_^Jl jl 

^Aj ciwL>- 5JL^ jL^Vl . Oli^Sflj 1 iwJij j\ J?»I l j c^UajJl 
j-* tc-jULt l5^ 

cjiSl jorV j5” ^Lp ^bull .lull ^ Ij^U-I (ju jS\Jl 

4j%^j ^-J c^JLpj . L^ jl^jj Vj c c^jULiJ ^S jjXjbj 
< j> ^Lp jls*u lJJjjv!*J| . jL^Sfl 
ji5"1 4jl . jj jjJlj (J-*^ j-*j c lI-jUIjI ^-m5"jjJ^a ^1 £* 
jt^- ^zJl 4*. ^L^Sfl 1 %-aI JL>-ij . Ojl j ^ Imil Ll^*A ^3 A?«-w«jV^ 

J^UaJ olljji-l oJLfc 01 jA caJLp jA Li" J-ojuj 4 ^Ja*Jl LlI^La 
.A j>yj>waJl -iJIjj c4j*t- ; >*-Ma]l ^ 

AjuLiJ) ^yajU-ai^l (_£Jb>0 C- <US" IOa A3>Lp L* 

1 ^ Lc. L*— <w>* LgJl * V ^1 ^cjip dJlSl 0 (jy. 

4jiii5^ ^1 jjl jl»jl>lJIj j 4 IaL*>\->- jju 1 $j jJ 4 oLpj^j£- 

JSLto L* g ^ jSsJl j Jwj .oljlS^t>^->- j-> j 

J^JL> 4j| 4C->lJl ^ IjUuiJl £j^jl j-$-* 

III ^ .p-~ JO ^ o>LJj^Jl 0 jj j* 7.90 j* 

,*X^ C~>\jjy>r iS jj^vaJl y* 01 

0 01 o^cj Ll^Uslp ^ Ij^i-I *^Lw-^-^i j*~\ 

<— ^ y> <wA*S" . jS\ ^jSLio J-s^IjiJlj cl*-* (jUaJ^I ^Ip ® j^15 

Qju^ AP^a^- l-A ^LaJLlS^ IS" ^ L«j ^ II- — * 01 ^ 4-Ai*jixi»l 

,L*L^>-I pLj olj^l 
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tlij y jA [ jl* >/2 all 



l>-4 j./arlT — LoL-^-I iS ^-SH L£li£-1 bull 1/>U- 

L^iLl Jaj y . o^iS" LgJ cfijow? \Jjy>r SJaL^jj 

* . i 

hSJ*: J-vtalj ;L*-a ajJl?-VI *\yr\ 0 ^tji cLjjli aJL ^ laJLj 

cdjjL>til 400*011 ^>-jlii-l tLtjJlj caJjO ^?rjli-l ^LtjJlj -L>Oj 

^LiJu 4 JL^jI t, mm] $Lj*}U0| 4j j3 4 Jfljij ^J^Llu cOJOOjj 



( ^JliLjl J^X-JLu 0 J jJ IJL^ 4 jL 5.3 (_£ jyaL^il 

JLpL*o L^jV A^aLfc 0J^» 0 -LAj . JfljaJ j\^L**ll y* tU^jjJ ^jjJO 

tj“}ljOl oJla c.., ; ;;ll Jj ^1? J50io L*L-^-i ^ 

c a* ^I aP A^oJsuJl 0*^0 jvaiL jl Jajj 0 ^ a i ^ .la; > ( j r * 



l_^L*j L^*L^>-1 la;> 0? L^o: c-OLLi \j^K >% j JiLLl 

j j5" cl/^UiO \iJss bjiyg j lij .(^ j^-SH ti^L« jl*Jj 



Lj^Ail— \ ijli c j-oJj LS^ aOj& ^j- 4 c-i-Li£ 



jJtj j <_£ Ccl^l ^ Jj l g .Lg-^uOj ^ kir.ij 



. L^_pl jjlj jyL^il ^IJLpI ( v r * 



^ 0>> j^S H Jajt ^3) 01 Jj^OLl tO^J 

c^JaxJl Li50-gJ Ia^;)l 0J . C^La jlxll Lg-J J^L5 ^Jl C(j 

. < £ j\&Zj i^JlJT oV cJflJli C^iS"' IjJL^^- Ajt^A>~ 

.0 coOjj-i-i £tij C|» ^JU aj ^ Li^ 

1^1 — ^jI jOxp jJLi-l j! 1^1 

I yJ)J\ jl 0^L?r (0y*^o 7T ? yj) ^-3 j_^j — t>Ljj cJLa jl Oj^i^ c ^ ■ - iJl 





viJUU-b 
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Aj y^sjk oLdS"' ^|jl>*JL>>lj Lfrja-WJ L'^AiLi jJj tjJJi 

jl L. A-li- .(J 4Jl>- ^ JJL^J i^j\jjy>r jSLi 

^j-4 Lw»j 1^ . .»> i ^ 4*^1* . I^jlj c-^IjL) (JLxjL aJUJ 

^->~ 4AJli*l ^^3 ^ Cd^Lij L* aJl>- -f ** ^ **♦ Lo- 3 Ij^Ai^j 

^ill aJL^JLJ ^.j^Ul ^ Limit jl c^>*jLi-l f-LioJlj IJl* 

# * 

*DLoJL^ 1* *>lpLij c-^^i-l 44 j LgJL^ajt frJU JLPj . OjLi^H ^aJLj 

. LLm-I olj-Ji ^v-jliLl tLimJl rjA JjLh> ^lll 4 A^Ij jjj Vl 

oJla jli caJLp *L> j .51 yil J^ta j-* olj oL* ji-*-^ jf jSUJ 

A^*»juJl^ . a la ■ — 1 jl cL« ^ r . r ^ T jt /^-C A^ij^Ll ojLi^fl 

L^ ^JL>» jJu cjL* ^JL til ^iiii ^Jl aJ^LI jl 4 jJJi Ajl-g Jl 

aJUL-I aJLx ^5 ^\j>xi^\S oJUJl>- oLj^- jl cO j-f JLi ! jVI 



^SCjLu ^Jl tL-iSfl o Jj& ca!?L*o jtS^Vl ji«~ll ^Ipj 

t^JUL? 4^L*mJ L^j jJ ^Jl coLil jJ-l .L^of I j*\ j»L^>-Vl 

dili Lgju^j>-j jjj jJij jfxJlS' 4 JLj C-jIIj jj>t 

* 

jJUUf LgJu-o»>-j c U>* L£AiL| ^LJ ^Jl c a^Ij jjLl jy»L*Jkl Si jjLa* 

,L)t>* jjj jl ljjA>«-U ^Jl 4AJtjjjLl cjIj^S/I 

A^LfT A3 ^jlLj . ^L^m^Sfl f' ^-j*J A*jLS* ^ ^ aJ Oj y*0 j^l l-*J'-^ 

^ oJla ^j£* vJi >ju)l LJLp 4 j^ L*— ->■ S/ 1 

J^j>r L^jjJ {J ~J> { j£\ 40li^L>*il j*J 4jj> jVl V' ^ 

.fcJl 
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ol ^*1*4 






j^S"t Jp o jlaJ ^jJLJ ?^Lil5l ^4 ^X4b>- ill-xi Aj lljwu (^jJl L« 

,4jL>.yi u-i yijJ 3 Ju& aJIJU A*i-I ^L^rVl 

^ii .Aj^Jl ^ ^1 AjI ^lp 0 ja\ ^ iJ oli O-Lk J->-i 

i j y Jfl^o ^15" u-$L1j5"1 j? cyJLp l) ji!i y* oLluLjJI jj>-ljl 

g?' ^j-4 ^Ja*a\\\ ^ipj .AjJllt A-L>*L>“jJl jljJbi-t P 

tC^bJl JL>- jJl .Aj^^ISI ^ jil aIiSsS" l-b y^ 

StCVc) y, j^*l-4 l P^ 1 p-i-J ^ ^jLs^ 2 ji]I (3^b**-b Aj O jLL» L-l^x 

C-JliT 4 pliiJl jf /Ju“ .(The Blob ApUiJl) (McQueen 

^Otab 0 ~*tS c^rjbbl t\*s2 ill y O.. (jl -L*j L aJ j>%2a 4pLflj 

* * * 

oljUj ^ OjotyaJl ol*> jJl ^2 ju AjI$J( tbmblj tb*)\S" ) Lg-lo^u y 
\ ^LlJl ^JLp 01^ ApbjjjU AyoJfl^Jl AjLgjJl . Lj bsi_o-Jj ^ 0 jOLy2 

Ly^J . la Q & mIIa A ^m*A 1 ob‘l£j! r-l LjCO—^J jj |I 

* 

^.waj t-ij-u-j t Lj yaJ ^ 2 jJaJL caJ^- 1000 j 200 uy. L« J,J ApbiiJl 
.(placozoan) jjjyT%Jl ^b p- 6 -A' bjjJ 

aJ IJL^- \ j IU-^- > - tb*)bJ-l y» y\ £_»jl (j jJ 






1 a 



u>uu 



J***. J -^T ^i • Cr^ 



bjjJ yj J . J) i5 cl?l j-^t L^jjJ ^ j >-\ j C|» Ja^ilj 
A^JfcL* jt C^jZ^JU Jji J c AjjJl ^ aJ 51 j L4 J y^ 0L4 jlxll y 
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* * > 

L>La> I jlj i i_ suu*S^ <*i*>LpLjLaJI dJUL o Ls ci^fJLta ^_p^ . ^*^1 W ll 
oJla jli c^u2^2>xjll L>MjU lii ^ ^ J\ ^Js' : JjbJL* J^Lij 
. tgj! ^>4 jju ( Ja^U |» ^ ^ a i L^jjJ aJIjlJI c^>li jl>tll 
. oLijj j5" % >LJl ^ *>bj .i^>- j- 4 ^L**^rSfl o Ju& J ^>- jO UjSloi 
LiJLLP 4 a l? ; * Lgjl ^_P jJi ^ip c *S>- L^j jJ 

cbbL)*>L>- ^Ja^» ^Lp Lua^tij 1 g ^ Li>«j 

oli . iJLla oj j^t- j-4 LlaLo^-1 c-Lj oj-£>-t I IJJl>-j 



Lfcl y ^Jl J -^ 1 U ^jA 

, LlaL^>4 ^ 

qUaIsJ' ^j^ju IdL^jl coLpLIaJI ^ ^ jil c-Lj jL^ 

Jbul i_. A jj jl LuSoT Jjfc jJllJuj UbJL>-j ^iJl cA-C-LiJl 

4jL?7^I j jjA f-J^r i j^i aJ^ j tS*T j-»Sf ^ 5 *^ cdJLJi 

4Jlfc yj .^r > W U ^jA tj?7 ^ O^Ssj (Jl 

{j* Ojfi ' o ^cJjL-Sfl jl . jdS" ^tjjL^Sfl 

l^JLJl £jA ^ jJ Igjl t<L>* 0^l_4 ijL^^fl 43jjis^-« 

£A (jUilf <JU SjL) f oll^./ jl c(^l>jil al >0 

Jju>tj (^JJl c cwLwajjJl C--J Lla j-vlzdl (j^-*j 

Oy. L>- L~.l ' ^Lfc jJ* ol jS ’ JJ . \ jyA gjjL>>^fl 

V JLi £JU,y\ , Ijc* 4 j>«_^jV^ c.- » 4 Ij*!>*L5L\ 

.oj-^J .1 oL**!)Lp ^yk 4jjJ { v^Jj (.\jJSjS jwLu 

j ^1 ^ (H.V.P. Wilson) Oj-Jjj <— j ^ Oy 
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^oajaJl 



* 

LJjjLST Oj jj a*^L>- Jl Q tL>- oU jjb Uijb-L# ^5^ 

Jjf 1894 flp (Unviersity of North Carolina) 
tL>-Sn tLJLp S" ^ 1 Jj ^JLla j . 1894 ^Ip ^ tL>-Vl 

aJjLI L>- tobyi-l <Jl^- jl jt-gi ^ bJl j>Sfl 

jSy jl jj-JLj j y J^>r £ $ y^tlSl 0 jiU I^j JU- i ^ 

C.. 4jjL^- ^<-^->“1 JLp J^*" jNJ AjL>* ^ J^i, 

(* 

^j . 4 ^P b^^- 4 *JLftJ . b y^lls* t»Z^bl oJLgJ aJL^^Xa djUj 

b*}lib| o^JLj j j .6joc*il ^yk 4p Lgjj^-5" ^zll c J^-Lil 

^Js- ^Jl>-Jj olJb C^jIbbJl ^ . Lgyljj jji ^ L->S/b AJ yilll 

s* 

AjIJlJI ^ . L*_* tjjJaJl £t_bu*> 

, # 

y £-* (,jS\ l^«!a;i . b*}bLl ^a t \ ol jZ C- J / 

£_jL*I JLi^ b*)liM 4jP cJ^-i Ijj^l j , AJL*-* l?Lcl ^ l^Aibl 

£y>l wXj>“ U ^ill cb^ijb! ^yk 4j2jLi>*_ 11 b« c J*IS" Jj A>- 

* 

bS" , j A k,/3 Jl ^yA I ■ t^fc bw J Q J^fcJb J Jir * A 

o» y (5 iil (Steve Buscemi) y. jli 

(Fargo) $£■ j'j (Coen) ^.<fi o _p-Vl |JL* ^ *_jLic>-Sf' ^laaj Sjt 

(jl 1 ^~*~~ i. *J UL 1 - ■ - — j is ■ w taJ _l_d ^ y ^ 0 

,4-La A flb^- 0 L>1-W^J be* Jl5 0 ob^b>- 



^ oJLi^* LgJjt>- b« c^ r 0^ JJ>7 ^lt b*)bb| jl 

jl j^C j^ 4 A>-b^« j L« o^lp li 

c^lyil ^>p till ^yJjj .^yil ^ip' bbojipl cjy y^t>- ^1 ^ ^ 





^JUU-b aSL.JI 
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^iJbVi dJiA . L^jLl ^yk i j& L>- ^ jj 

^4 JLLf? 4 jL*$^> .iiljLfc m gLA**y\ ^jA ^l>-iuJl tj^-l 

AapI ;: il a 5^ Oj. ^ ^ l»X3Vl 3 <Aa 

ol ^I aWIj tfi-lil iJ <jajlJl L^iM dJLL ial j-»SH 0 -^$-! 



oli>j-?r 4ji-L*-C. ^ ji ^cjjL»j^fl ( Jj>-ta (S j>~\ 

LiJUP tAJL?^lJlJ! A^laill ^la-j Ljaji (S j-*"^J 

.till jLJ ^jocj j^Ju ^1 

^jA JbJbtSl AjJlJ cJLyfcfci-l wbtJl IJLaj j-Lj 



j^-C ^jlj-^Vi j»-^Lo oLj*^j»- 4^<>Jbl j^Sfl ^j^ajL^aii-! 

OJ . JLa-lj 3 yi5" 1/^-1 ^j-4 43 yuajkj tbc* J^al jl L^»>JJ 



f-L-iL ^ jJLj 4jtili£ ^ £jA 4jiil5^ ^Ijjl Cj»laJL4 ^cJjL^J^fl 

<U^sJ t43Jb Adla^ll ol jLJLc. ~Lo^>- JUxj 4jI .4iili£- 



. ^-4 ^ i A ./a i lil^ uW 

<ju ^ j (. L y^yG 4j jJ gjL*y\ ji iaIs" ^ ^Sn 

Cj» ■■■*/>• ojLp 01 . LjJlJ 3 _pr jil^ tl^lajl jl^j >rj clj^i^l 

** ** 

,Lm *j ^la >,4 j^' ^ t 0 j 1 w\j 4j ^jA ^P^Ji ^j-1p 

* 

^ LS ^jA wb.A*Jl LjjJ 

jL^A-l ,f.lj>-Vl Lo^wSJ l^l^-l j$ la > c U ^ l t 4 j 

tljL4 Cwl Uiajl jy*L-Al . iSw-LcJu ^ ^ 

a^ oljU^I JLwjJ b^l jpL-J ^Jl UbUl 3^ Vi J 
LjjJ JlJ-l Lk5"j <ju coUjjJri t j-^ wUJaSIj 
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c-j! . J l ^J-sAaJI 



tjy^V *fi LjjjJ £cJjL*^[Ij coij jj jU t(_£ J >- Sfl 

*» * # « 
! Ijla^ > - CjLq-oJI oJLa ^j-4 aJI Jj L>x_^J Lgj jj jli til* ^^a^AjJl ^lpj * ^dajl 

1 ^ I*J (jdji £cJjL>^I j^>-V y IpjJ -Xj»j j (JwL<5 

;i.^Vl ^jJ t4_jLi jJ^I jvaL^II y 4 fl l i> Jsl ^\ jjSfl y oLil L»jj 

Jil ^\ jjl AjjJj L* ^ ’I ^cJjL^Ij .^Jbdl jJLli la.** i 

, Aj wlj $ y^ yA *Ay*yy^-l frLj ^l^->“ ^ cb^jLl 

c4jljLl<JJ . LJL>- ^L^>-Sn aI^L^o A,la > £djL>^l j oti j J ^^*}LJ l jl 
^L**»*?j I. ^iJ *-XJ ^ x d ^,3 L*L.**i^i ^.yj {■ Ly^> l ^jP L ■ ■ * ^ hr * ^ L yJ^ 1 

. aJL^-I oJL>-j oLj j :4lJl 

^LJ ^iJl Olj^Sfl ^J-A aJ jl J*>«J L OjLSj <^JlS 

jlj VaJL^I oJLj>“J cOLjISnJI ^ O y- y* 0>lJl y 

) liLoj LL-^I ^i-j V c^jlS^ li|j c cJlS" 
j caJL^V' odjfc y *jJJ aJUjII o y^Lil 4 jL ^ kJl jl 

. oUI^J-1 £-<• L^jLio A>-jl ^p oL> oLl>* ^ ^laiJlj 

IaIaA* aJLJL>“ yfc C - ^ J*£ otil j-^d-l L _ J I <ju dJ U j LL* Jjl 
jJ-l oLTVI <j* JUJjJl caJL-LI Owd >- j ^ jjjuJl ^5 

Ai> ^ jisl jl c^»-j3l JJL>d]l y-*->. jl y>- .I^IpUjj aJjLI (jL^aJV 
tlaJi$ ^L-^vSfl <djli djLil y^-\ Jb OJ ^>- yA obj^d-l y* ^\ y^\ oJlA y* 
o Lc-pl^ Idjb . aJLL| djli^l>«Jkl ^ oJ ^.4 I ^ 

^_4 oLiJ ^L^>rVl y^sS jL^VI p OpLJ ^i!l cob-Jrl jl 
<^>*j ^L*y>-Vl f-dj oljjl jl LaIh* jwLj t jjVl a!a 
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^L^Sfl 3 ^U>- ^ LiU jl 

£jA ^ UjJLP QJlP ^lp LUj 4jlS\J^j Q» JLftjl 

oco-aJI oLl? j^*JIj SU-**!l oLjl^Jl ^iS^u ^ Uj jjLJIS' 4*_4l>- 
^IgJLp .4j:>Ua>l$JU jLj^l jlj c(choanoflagellates) 

obl^Jl c-** jil ^-a UU a^jcojjJI cj U lg ^ .- - J 1 jl c— $ yp c<Uj j-Jl y* 

LgJl US' 4olJ j j^S'*)LJl o IS oLlI oj^^Al 

^ IJ£- L-4U^>-I ^jU^aj (^Jiil ^ Ut^J i]llA jl ^ 

. 4_-_* -Q a l l l “j l . Lj ^.J l i "j U»>- 

Human) ol j jJl 4l>jUU L^iU ja ^ J ^S\J jlpL- jlSJ 

^ oL~U JSO Jap y J*J ‘(Genome Project 

^jA JUJjlII lUpL>- AjjCji oijjJl A^jlil £-*J *U»U*>-I 

t jl ^ laJI oL> <lUjU- UaJ '.Sc^i-I Jajl jjLl oL^I 

4*^-1 4iflj yLl U-ljjJ £j jLU* ijliA jl ^I>* jUaJl Jj>wJlj c4jLjjJlj 
twJbS p->-U4 Jjo Jajl jil oJLa coIj j j^^*)U!lj c^sJjUj^J 

jujulIi ^U*>*Vl f-U oU> AjjLL* ^yk LuSo? L^J S/ JoL* ^JL juJLJ 
3^-1 jji U^Lil JL^-I olj:>Vl J cJapt Lgjf US' . 4jiJu>JLl 



. OCoJlII L^jLI? y* 

Jj>-U ocUSJl U^AjUU 4-jJl oJUJLi Oto-ill oLS? j^Jl jwLj 

Lgjl y* 4-L ji? OjLaJ ^Lll ^jA JbJtP Jlilpl i4jUiJj 



cuts' jlj I jjJ 0 ^UjI — ^-jlu ^ljUjI ojUp 

jJtU 4...U-) jl l A^AaJlII C*> Li? j..Jl! I j|S CjJti-l oJla 
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. (juQg^yij (j £ — j J Choartojiagelkites ZJjlS3t Jf 



eiijj*-! 4 jjL5> \^S L*JLp , i^JlJj^ ur J 4 jI VI * *-— j j& ^ ^ 

4^wa 11 olJg Cr* 
(j| . LajU O Lj j jSw^jJ 4 ^ ^ i _^j J 1 §J^ $jl5 : ^ V * j 

♦ aJL>-^ ttJl c U?^Jl 

olSl iaJL^ oJL^j obj^fs-J^ <ju ^*^-1 J jJti\ Oj 

A.m ^ a l! LiiC ^Jt2>-- ^t 

* 1* .11 OcojJl Jl ^ 4 k .tJ J |So toL^-1 n k« J 



ctJUU-b 
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^A oJub y* JbJbJl ol-i t 4_aJiJ-! ^ j . d->li ( ^ Ljaji 

.aJjLaII oJia 4jLi« 4iJL<*Sn y ^ jo .Li^L— *>•! y* 

t CjIjLjjJ^I y t\y>r I cLjJLj ciU^Jl eJijlbj 

J jjf ^iJl cAJLjjJ^I j b^>Li-l jju 43 jjLpiiail 

* 

cA^*-ojjJl y*S\ ^ 0^ y ? ^-4 Ljl^o->- — ^J^-luJl aJL^I 4^- jL>* ^j-* 

f * 

.*>Li3 4jlll^- yaj\^> y ^^JL> L^j 1 y* ^-P 1 ^JLp 

^I>- yls> 4*1? ^L>> ^SLjJ -i3 4 *jc*-a]I c_lJ bL> ^* mJI o| 

• lS J >" I bZ->lj j^*+a ^ 2y?j[\ (jJJJu IbL^I ^Lj jL^>r 4jjLai 

<1*)\S' y^r 1 «/2j (^^Lil c^^L^SH *5^ j^il 

• J y 4jiil^ ^y» ,3-LP 43 j yt> oLlSs/)L>r jJ J jJi J 

l? Ipj) LaI y! iiyy - (Streptococcus) 4 j:>^*J1 o! 
j|jj>^ jJLp LgJ — ^ t jy^ Oj^-> V of 

4JiS0 c4*^ij ^iJl 4ij ^SLlb I Jb?- 4--~i tiSj*? i gT.l>- 

cJiiLjj .obi ^ Jjuij L<*S" ^Livs jt VL>- V 

C-»L»l5sj*)lr>r olOJL*-« £-Ln<2j ^lll ioIj J l l jii*j Oli 

l i-Jul* y .bji^Jl £ljif JU-bP ^-b>- ^3 La^I^o! Llaj^LJaP' 
I ^ Lgj 1 .Ijuo^ o^Lj*' cl - — ^ j±a}\ j Ij^j^LJI cs £ j 

y JbJijJl cL^IjU^Ij Ij*^->JJ ^*Jl 0 -La ^L>-l AaA&j 4 JL^ 

Lg^>Jl>fcl^*o t Cjlij JJ^-1 JbJbJl JLil ^t-w2j t C-J VL^-I 

^iJl <JLj\jjy^-\ y* 4_Jl Jb ^ tLLjJl LJ c-***J t C^Lj 

.u^r tLj 
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fL^rSfl j J* Ul* 



( Sj Ll*>> iS j V t^jj-i^-S/^ (J> 

coU>5 tj*J jS/l jU ^jA JjSfl 4ju* jLL* 3,5 aLI? ob j ^v* 

(j_j t OjJL* 40 <J,j Uj J*5L>- 

C-JLS" JLoJ .jl5L» J5" ^ £ooL)l coULJ r L^i 

^ip OjJLoil 0^3 tLfc j^bllsJ ^ Jp J jLopl lO>-LsM 1^1 t4*ul*JL>- 4pJj 

pli . c ^JlI Jp ^.frlaJ of J-i 03 Jj»r y cJl^* <^Lj 

3L-^>“1 0j3 ^ jlaJl 003 jJl IJ La Jju 3L-j»t“!>U 4^*^ JL lil 

?Ub 



Ltwa ^ £jlj QLA& 

v j^uii j oipi ^vi j jiSoVi Jjaif jr yb cj yii 

O' cl^ 4 (0^ t . - 1 Lc. jjij 

9 iaii Lb-V (*0 ^bS/l _0 ^ c^4 J .'-*' 

t(Heronof Alexandia)( s $j-'-^--^ 3j** <j* jfLJL^^/O 

tj— J JjSn 0 jill j Lc.j 

. Jjt; 4} I J»?.» « jlLuJl ji ,2L*J -If- cJflJ-t 
Lc.jj .l^jli AAjjIaiL; alO-l ^tJjU i)\ 

^lill j ^L~j>rS/t O J$> ^ (*-jjij ji LjU tdlSi . i J^>- ^L~3r>U 

JjVi 

^Lw*^*Sn o^Lkio Lc.j 1 a 1 ?L^JIj 4 jIp J j>- 03 Ij jlajJl 
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jl jf cLfJaju $oJu~l>- 15 ^1? oLj j^-Al Oj jl? L*JLip 

+ 

cj15 jJL>*_*JL! j LtAi-l y* (Ju -Ip jj>*j ^ y* 7 3 01 ^ ^"y 

* s' * S' *■ 

l — jJ Ok-Lj^- o^ljyli j L* LJLtfy . jl 

. Ja5i ^ jjl iJl* y. lj\y ^L^rVt U.J .t$iSl 

4_^-j yjJl Ojjl? cJ^Sfl y» oJb-br 15 oL*y^iil Ojjia l*JJLP 
Ju JLxil ^J,i ^|pLii]l iJu^ ^15 IjTj . ju4 ll jj-ta fcaJbJi^- 15 jja 

(jl oL j j^Jkl y* JbJbt!) ^JJtli . ^L^rV' ^Lb CjUj y» 

y* olij^J.1 y>j? ^l!l tOliyLlj . y ybl oLj 
^i!l t oLbjJrl j jV LJLp 4>t-i tl^Jj j l ^i^jyb 

ya*j -LbiL^’r^ ^ Ij^li-t yu ^v>L^il J^Cjio 

«^3yL*>* ^^3 yy ^ jj I j l ^ >y l ^ ,« % 1 yJl t ^3l^Jl ^^3 l ^ 

L) ^ 1 ^j\j A^oysJl ^|» y3 1 yi y*^va-*J c— 

j ^1 c 1 <J1 jL^^uSlL! y^* AjL^^JU L*l 4 ^Ij^>“ yjl 

^yjl iJLfc y* <^ljL*£»^/l IjT.j , cyl 4-w-o yiji C-J -bl3~- dJ Lt jaj* 

c->L*jlnii J^Li! ^ LJ\j*^L>- L ^i!l coljLi^fl ^1 yV -J jll 

. l^l^L »ju L) jl^>- ^Ip *Li/i[lj 

y& djljl j^S^Sfl yxi^ c4jL^j*V ^1 jy*S/l 6<-i^ y* jl 1-u^.c 

I y^jT 4...A. JxJ 1 ^lil (4^w yoJJkl Aa*j * ) 

Martin) yy jL* 4 ^*j5 L* Sjj^vaJb iJUb oj .L*L-K>-i ^tib jl Lgj 

0 * 

^ yj caJl^I Ay>-j LUJ? tjjjbl j^J (Boraas 

4 J <Jjij JL*>-^ LS^Jj^ c I yl^^l c-iJl y* j 
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^jA J51 ^ . L^-oJa^j »L 5^*~S/1 *— ^| *t J 01 J? j^j 

cl/>UO oli> ^jA <Lp j-o3f j^So v JU-OaJl vJUjU^l^l c^j-^r ^UU 

J5" ^ la tft oLaj iJLjb ^l>- Lj^AiLl .i-lP ( jjia>ol (CJ jil £-*j 
L-JUJaJl Ja>- 4jS/ iJ-JaiSfl j-A jUJ ^UjJl 01 ^-Jajt -AJa J . y4t*£- 
». TT . l cAjLdS* j owa OJ-ta p-P^j AJL^J^ 4 L^JlL) v.^Jt>4J 0—^*“ 4jLiS* 0j\^5~ 

L. UU:J j^t jSl 0) .JL* ^ .tljfcJl ^ JT 

jil ^j^Ljloj cJ-Adb L^L>tJaJ! O j*2+*> 1 -ULl ^Jjjf L*-liP 

Lio oJjJbtSl L>*)\iiO < j- 4 A IflgW Aj>w»J 4 jl-MflZa-bj . ^jLojJl 

.^L^rV' AJT-lP y 

£-Jaj ^ ^ C/* l.o. JaJ ^ 

Jlj^Jl Jju jl ,^ > |^JLm«J| ol jUU ^ cjJL>o 01 0> col j-Lwk' 

? ^Syl C^j ^ LijJ ^l lili ^SsJj t^L^>rSn oLiJ ^' a S lij 
1^-3 oLto cA-C-LftJl 4 JlJ| ^ y£j jilil I jjt ^ip oLjU>-^/l Oj 

^L^rSU l^br ^UJl (l Uj :^L^rSfl 
OSf 4->walj o l;.,^> iJllA JJL?r j-^1 ^jj ^i 

coL^jOill 43Lja^fb \ jfcS 4 J 15 jli£ £ jll 0 

i5 y^Jlj tlg-^ (•L^arVl ob oL»l 

01 ^*axU 0 lac»**ij ^julA t ^jA ^5" jl . aJjjjzj oULJ. (_3 L*j 

lj|uS* l^kA3 0 l^K i^dywj LaJ^ImIS' t * * ,4I1 j . .j p 1 0^ 

* jjSl ^w»i Lis' ^ Jj5l aiLU ^ikS .ttlUl ^ 

oik uv>-V OJ •uV’r^ cJlS" lit L^j y^~i 



CiJL-b 
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. . * * * 0 

JoLb j JLij Jj jJ olS^j t aij ^SjJ $<^^^-5^1 L^J i y\*S"" I jJb 

.^LgJl ^ajjJI IJl^J Li*)LO 2^1?- 

cJir J* u^S^\ ol y~* of <y sKill ^ J 

, * * 

1 C.J L^j*.» m.4 i,^ ) C I LJ I J Ll -o Is . lCJ3 I *-b>^ 4 1 1 ^3 A 

4JL %w jLL* c-Jjli L* j J-i — j%_) . ^ ^Jl <ulp yb L* c-Jjli U J! LS^ 

<L)Ip C-»a;j iil>- ^^..,m. < TV| ob J.T.. >..4 C..X a~jl Q.J,>- 

ol ,j^>«-va]I ^ l 3 yiJ ,c-3jJl JC* L^uJ 



Lgjl Ly^**J jo laj 4-L*» jLiil <— OjLiL Li Lb j-0-£- £-L> c J J>T s^l' 

^ Lj^j ol .Lj^^-^Vi Co L^S" o^Lj £-« C-Lj^j 

fr jJLj tla-j j-* ^ yLl l3*5L*JI ^ 

.^Lu«l>-Vi *L£J^[ 4^JLl4 4jLs^Ll! LL>cLw^- 4 y*Sfl c3 y*"***' Lr.j 

LfrUUj ^oJUJL?r 1-5 ^ oL j^SLil Oj jL> c^^CaJI ColjLii 

frLJ ^JLjjJ^-l colj^Vlj cly>*Vl ^1 p Co ^jl 0 j 2J ciilJjjj . LgJ^j Lj^ij 

c—oL-^1 JL?-I ol . y^^ l ^ l40>tC> > l Lgol p-Py c^L^>-Vl 
c.. <fc.l»7 ccJLo ajl^wJI jLL* i^jjLSj Lc. i b oLT ^L-^-Sfl ?- jcJ 
ol j^Vl j c^L^>-Vl *LJ iilifc olS" o5j . LfrOuu ( JSl Co L j ^$Lil 

.^Li 3 j>i C-ol^ iiJJjiJ <L*j*}L!l 



^l 53 l ;> yb t ^iJl dJJi yoa> i]Ljb oli" 

<jy>«-^S^I Co L y.M.4 C— *-4 j jl LiJjLPj . ^L^>-Vl y? jVl 

LS 1 ^ J 9 ^ Cr^ h • D ^’ ‘cr^j^ 1 Lf^ 

.aJ-p cjL" Li ^1 p 




ju'l jjjl ^Isi 1 



c-LoJLp (ju 0 j-SJl oLjJLjJI JjIj! ^ y y -iSL^fe jlS" 

o~*lS ^1 p iJ^JLoju I jj\£ ^j«AJ! pLoJL*JI^ c pL*>-^l 

Jfo :j jl£" c'^L* ^jj^jJl tLoJjL® — j cajLj tLoJiP — 
Aii (j+ Lap cJj*x>- j (%-$->' ^Jl 

tl^>*Sf^ I c_ . fclwLLl ^3 Jj tL*>-Sn |%JLp OIS - " 

OJb c O* Li L><..Z*. m.I 1 ^-1»5T 0! *A>* ^1,1 t 4 j jjI^tII 

i ^ »*o clIJJjl} c-iS* JLaJ ,pL>*Sfl j%Jp ^ijL> ^ o3jJL-w4 IS jI? 

* w- 

$<uj?^il oWI viJ-L c-iS"* t o L L>* jl^xJLS 

. j ^J>J 1 «o> *^"! *Aj«-Xj>«-<J 

Ljf . j^>e_*^j! ^S (Jljl ^ C4-L*x ^J^\i^P JLuj 

L* o^Lp .(^jjlalll OjjJ J* 

oul j-4 c— *JL> ^4j .((j! — La! )) o bh jj jlig.wj ! J«-y 

^iJ .oiSlj ji5l t fcJLl IS oJu* (( jf— L®j»J! 

. __, ^ ^ 

^ a ^*- 1 c-^->> ^ t^^LLl (J^>“ i-x^* L> ^S IjJutA 

^ljjU dJLS" ^ill c ^JLLo'V^ JO 1 j A^ijii-! 4 jlJ! 

^Lp LgJ *V <L _^S SiSL Jjci jJl OJi tLjlj L^j . SL^ 




silU-b aSL-JI 
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01 .tLjipSflj ^L*o^Sfl 0 oL^-l ^cjjU 
— LuLorl o 01 cuxwaJ L»J-lp 



c o-Ob 



. 4 J J-^O J>u>zli *)J — 4j jJail 4j>t-^oV^ 

* 

.Lj ^JL LjjJ L* J5* ^a-oJO 



Jl t'-^r J*-* fL~*rS[l cSjyJ' 2.' ^L*-i 01 

oLj 4^—jVl ajla^“ JL>- ,^r *la[l ^ OJlSi Jj* 3 lOlSJlj 4JI ^->“j^ 

4*lil j ^lil jj^aju — ^L?o *xS j\ Cjt-i- jl jL» — L* jl jl 

0 jjU^ j^aju ^Ju^l jJ ,3 >wJ ^ J5" £-0*j 



Ja-j^- ^Jl iS-^LpSH (J jjL^ail ^jjL . (jLbSn J-— 

Jbu . f ^JL p l«-^r L " - J ^ i/^'j <J 

ijhfv |» Oa$J oL» Jail oJlfe ^ j-flj . ^ yJJl oIj J a* ^a*j cdJUi 



OVI OAj^J ^jiacJ-lj Ja-J ^lll 

J jj^aju <_JwJ clji>-l ^JaaJA LgJU»ta 4ol^la« 



jjb :JjLJ| ^jj» Ollai? OJLjJ ^w 2 j <— i . JaJbLl Jl 
^jyJl 0} >L5 lpSfl ^ lJLU Jjx^j J> JjjU? 

o j^Ja lil .4 j t* JjLlj j 4 J ^>»5sJl Jl 

jl J^Lio c.^*£> J^J Jjl3 4 Jj>*^Jl ^ Aj^jJ *' ■■ ^ « 1 0 ^" 

.<j jjJl l7 a^J-I ^ A^-jUl o ^>Jl oijb 
^4j>-j1]i tUia-Ji o ^Ji oJ-Lj ^i-b^-i^ij oJLi j j o*yi coi 

.sJ-l lIjLjI^JI a^Sj ijyj c 0 i«j 4^»L^Sfl i jp* wbJ-aSl ^ 

4JjLL* 4 aJjU^ (Jl J^lj olpLx 1 ^>Ip ) ^l!l 4^pAiL| 
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La .4^iJL>«ii ^L>-Vl ^ oLkjj (_£jjJl jj y 
£jA *L^Jl JjLJ ^t.***-) (^1 ^j-4 (_£j j-Jl jAo, j~l ^\ ^>wLojL .^^jJaJLoJl! 

jr 4 *J* tft ^tJjLJ 0 jA fc,.X> ^il jjl ^ LLxX tAjiil^- ^L^-l 

* 

l/ 2- ^' LJUi ^ .LjjJ jt-jJl jJLb ^ Lt.cLj jij L ^ . ^ 

COJ^JV-Sfl JL?r jJ tC^VL^P jl ^1 (.JjZ c-l^r j J^I 

liL^LJ- ^o->* jl ^SLbii . I ::r.) ^ ^jIj^JI ^jp ^ Ju^xjJ ^l^Jb^i^J 

A L >I« i jj^SH (^1 ^A c-A*L>tJ U cAjL i t j£jy^\ ^ip ^ 

^ oly- j-* j» »tll A^»b>tj j v^->0 ^Jl cC^L-ji-l jl jJJi 

. la AS A^ajS/I A <a I? ; i 1 ^ laJUj L^Jl j*Pj j ^ 1^ IjL^L*- 

* # 

Li*-ol ^ oVL-* u ^Jl j jJl jli c L»~qj>- |*l*j L*5" j 

L» a^jD Lb Ji j , jlLcU L5"lj^l a JlS ^ y\ L^J j^^j bi 

A^jjL-* JS" LblJl>-l Alip ^1 aJ jxLJl 9 ^j2_m£3 



j . o ^TlJJl ^Jsu* jL* j JL* aJ 



JuJlUI ^L*laJl A^>xjI jS .y^ju} UjlpL^. jf ^jl jjJl jl cjjlb 
jSf Cr*^ i . jLiiJlj jX*s . J L1a 4 A>j|jj ^4 Ll*4 

^J-sAdVl j £*-J jl Joy J_A . JL»tiJl ^2-Jl i^Js>yZ> 
j£ m L*«up uijil p u-ijilil ^Ip ^ j ysJl ^ j^>«j jl I 

A^L>- ^ aJjLI? VI y*\ j o> * >■> ** * Ia^^ j> - LjI . j ji^T?xll j J yLill jJj 



J* j jL^ 24 j ^k*Jl 4 pLv^ c->ol 2005 j*-^' 

^LJj-L j%-jJl 4^x1?“ i^’Xa aK iJjbj ,lAJb>-j 





dlU-b .J' 1 
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. 4j>xJl j OVl OjLs* Jl J..4v:llj III * m, ) *t*!l ol>- jl 

y£ju JaJLaJI ^ja O ji ^ 4j>jl jji oLy>r o l)I 41 ^ 0 : ^LJl ^Ja . ju 

y -4 J* jJl y>* 0 j <L_>- J?UJl) 4»Ol I JlAj . jyJJLyJl y>» 1 y>r i y A JSI 

?Ll3i JjlAj jl L5 o-Ssi . J-alS" J*« 

oL J-^1 ^y* W d j- LtLo ^L>tOl j_A tAj>jl j 4jl iljjj L jl 
* 

Jjb»r ajLJi e'jj Aj Lg-Jl ^ LgJL?^J ^Jl oLyJj ,*l y$Jl J* ojLlaJl 
Lli tyJD jl t jj^jiiij LJllp . j y^JL> JL*!) cL*->- IJL>- 4 jLjL>-j 

Jl oLjJ-l Jin tiJliA ^y* j . L^ylO- Jl oJLa 4j>tj! J l oL>yr 
4j\iaJl Ji y>« Lg-s^lnSI ^ lL^>- tojSfl ^JiJL>- aiL:* 

^ ^****l)l y-«* Ajt>j .lillA cA)l la.Jl aJlA J^-L , 4-ufljSf I 0*1 

*L£jJl J Ojy*o Ajljj Ljo oJL>-lj J5\J i<L*^<Sl l£>^j juV-* Jl p 
yij tLwajJl L^jJ-Lj j j-jJIj 03 Jl oLyi-l Ja-j ji L*Jli*3 . Jpl>*il 

,<b*jlj LgJl oljLi ^[1 0 JLa J>*-*-j (jSi\ cLpLo JI oljLi^l JLjjI 
^ La JjLiSl j .^-Liil j JiiJl LJl^ J^*j ^ I 

. AjuwAjlII JLp 1 1 yA ^ Lfl.ll Li) t AJ>*J I Jl O^Lj^r 

JpUij LLI J 4j?L>tll a^JlpS/I a la . vl yj a1?IjLJI 

^ >1 Jajy Ljlp VI JL Jill Jl SjUVl JiL; V . wJl UsU 

Jj cLJJ-iJ ^oLyLl Aj ^y?U>- ^ jj aJ J;dS:>^4 J^j . J ; Sr***lL) 
* 

jj-* JbJbJl jJ Liijj t *oL) Jj^-I y -4 JjJbJl A ■' . » 4 A->»jlj jA . 4l ) 

. V tOljUll y ^lll cO^^LaI-mJ.1 
^ jj & I l)J .(Chord) j-ll yA y t lS a—II jl 
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JaJ ‘jJ iZjIl 3-La .ef ffJl jyfr i jM S jJ* J Jj* 0~^*r & § >5*1 * ) 

( * "■>** ■ i* L^JpLj jb tJbJi « 4*aJ V/ 4 ^JujL^zfl Sjilaj 4 J^-^ j~- *• * J& 

aJLozIi ^i/tir jJ^t ^y» JbJjJf jjn* -OjpiC* Wl j ^JS' „ LtLo ijLiy ^,Lv 



■j / j Lfjf JJjJjj a-L* ^mpJj Li£Lo ^ ^X * iAhjz , 



3j*j 1 jJt OLi ti^iJUJ^j . L** ^Uiu aJLp 

c j - a"— ^ ^2^-* Jjjfcjpji ^jA 

L$J t ixVL*. Jl eJjfe *Jj-b LlpLo 4>ulj 

. SXr»- Ij 

^ 3 *? y* <L*L^ p.la*.* uli c jj.Uli j 

wj>wJ of Lu!nx OLjI jt uJj LjjJ t(3 j*~^ oUl 
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4,.^i,^a>cdl <>. jSf 1 4Pj*£ jtJ 

oJUb J&'y- ^i-sli ll^N-C * )| 1 ^pLaIj t! c^g_J ^.f 4 >j Iaa*S\J1 

JaX ^ 12 - *}U**Vl A^Ju-Sflj tC^Lpl jjJl j j j-ti 

ilUJtfi t^-?rLo^f L§j*xI 4-jtJb oti jjLiiil j£5l uj .^Lp 

^p-lT jJjJ oJL 2 -Ij 4^jL> 1 42*14 LjjjJ ( Qlla.^tJl f 

^JLj JJLl^j tJjJUll \j*b Ji til! 

4j%LJi Lij j) QlWjJtj i3uJ ^..->..-j ^Jl V^i 

S^jj! 0 ) 4 ]/* V^f frlii 42*jl jji ^aJjhrJUfci 1 Lgjl 

w-*Jyj tipi'll 4^b» J,1 *Ul Jj*=JU :bJti J (Jr jllT L -Jt y LgjjJ UJl 

f t<!>L jJl 4^-*-^ 0 | *^jiJLj ^J-^ -* c^Jlj ^1 AjLgjJl ^ 

jj j 4-^ jL>- ;4*iiS/l C^L>OiJJ i y^ OLpju L^j jJ t 
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-• * d* 

<S\ ^ c C • j i]Li Lal*^ C— -LL>- lil .IjLtS" iLLjj ;«“ J 
o ^“j- 4 (J,| tiLijSfl jL>Jl ^\p j-C j 1 jli-1 4 ^*ia]1 

oUl oL?x3 'LjjJl! iiLo-^Sfl jj- 4 Lj*>L*j jl . 4j_>-l j ol j>p jJjSl>- 
^UaP L$jJl5 cLjjli ^A ilLo— *Vl oJi-Aj tLjajI 4~L>“b J ^j>- jl^ 

. Lj<-4 j>-\ cjLo-^j j j 

C il L a— * tS^ Lj>cJjIj ^jA j^P *j ^ip LjJL! ^-■■tdl 4— -»L>- (_C 
L* o jjblliJl a -L a ^ LiL^Jl oliLJLzS""VI ^j- 4 ^ . cj L^Jj jl coLJLi 

^ jUuiijj (Linda Buck) i^L 1-uJ c ^Ltrff l L^-Lp 1991^Lp 
4^b- bJa*J toLi-l a 4jbUj! (Richard Axel) 



.pniJl 

l» yo^all ^L-^j j oL^I joi 4 j^L iJli JLil 

* , 

tS*)] j£&- ^ <z^s cj L> il j j .^jLp pLj Ad.iaW*. »• 4—^ Ls ^ jp t V^l U^jjL4 

. 4>*jI jJl Q*)LJLr,— ».* i ^lll coLi-l 4 -JLp j-X-j Jj Li y^\ 

/jA J jl4 ^jT y L$J .ii.Mi jl cPjU^Jl o Jj j 

^\p oL jJUil (J Lm£ij| ^Jp La-XpL—j ^iJI t-ij L aL>- /j- 4 ^Jp 

LaJju IpUai^l Jfl j iiL oSl £oLa 4jj ji 1-La jlS" Jjj .Li 4JL>- 

. l UlA ., A l Cf^T J^jLU 4--LjLl 4 J 2j j ^- ! ^ C— ?**-tll 

i?LiJ L$J j jS^j jl ^->0 oJl^J oLLl jl cLjU 

.i aii ^..tJlj 4^a 4>*_wjVl ^ .1; j jl jjfcj — (JL>- 

j^^J jl Cjt-jJL LL^S 4 J Li ^il d\5 j| Ij-Aj 

L^lj^il jo^Vl 1 -La jiff J — L±JLj yell iJLgj 4.,dg .,^>till 4 j?> 





jJUU-ta 
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^JLp jl ^Ll* 1 4ji jy "“ 

Cjl5" -lij . 1^‘.4 JjJbJl i^Ljfc Oy5\j jl coliJrl oJIa JJj 

J,1 *l>-lj 4j jlill 4jLi>- ^^JLp A : ; t 4 ^il jji ^ 4^0* yjii a Jl* 
V 0^ cAj Cj^T^i j aOI . o /xJl iljll 

^jjJ cJli” ^ill toULJl £-* . oLiJO -LiJjJ) ^^prj Jj 

. lJ*A Oy^J 01 ^jjjvaJl 1>* (^ ccJ^I jJJj 

jJLS . jLuT aT^AjJI j oUo>l j-jIj -L>~Vl ^ -IaJ 

I^jLS^ l ^ I-Xjl j l <^ l$J L w ^ 

a y? ^>ijiil A^w^yjSfl ^ ^lla JLj liJIS" oLJO o J la JS" O^j Jl>-j .ajlp 

<* • 

0 .(Olfactory epithelium) o jLf^' tJa-ai iJb 

- * * 

iJlj vJL.triTl . 4j>t>-lj j» g X) j £ o0l5"j . oliJO oJu* ^ I^S* I^jlp 
L _ ^ O ^** 4^*^ 1 -j 0^ 1 L+S ji ^jA AJlilj 4 j^Aj :li>- *>LkJL« I J>1 

apLv^j ^ jjL oLlJO oOjfc ^ J_>-lj J5" . 4jjli>til ^jl j ^Jl cJlJ^JI 

C..1 ^2 ->- 00-A L5^j -A->0l j J :* T *»* 

.2004 ^ !» *{ ««> a-4^»LL* JjjJ 

c^*>\ . at.~II oO> 0ji>wj ^Ul Iju i^y ^£\ j oiLj ^ L^- wbu 

j_p ojLp oLJO oJufc 01 ^waJi Jij .(j ^1 ^l->-l ^ LjJJ A^iJl 
JULi*^ .oLi-l ^ jLj ^ 4JLo*V^ ^ya* J ^c>- ( J- ? T 1 -^ 

Olp jJ 1]Lla OLS" . 2c~» 0 yJL« 365 ^ y>- i^oLJl ^1 e.lil /y 

^ aJL^.^kJI ^jI j jJl 0?l flillj bfcJL>-t .t* il ^j- 4 

a>OI ^] l JpUJI .frl j-jJLj c^lil 
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4^-L^j <AJfrL>- L»A Cfrl ^^-ll ^ 4JP till jib” lil jAL l * <*ll^ 

iil ^ I a I c L a^Cjt^ . 4jiL^- ji 

^A^-ljjJlj oLiAiJl j c4-jL)Sfl Lg->L P ^ frill ^ J-axU Wvl< 

. frl^-^Jl JajLIJ 4^ ^*,^4 lIj ^ L a Z«-*w » L^jAI 

JJLa-^S/I (ju 43*51*31 jiJ^ A?^ Vl U-A LApL^j 

iSL^Vl OVI ^ Iaa JLp V- Jl jl V ydl J colJU P^\ 

O^L® JUcll oAA jl . jUa-^xJl ^ ^ j mJLOJ^^S jj-flil 4JTAP 

ij-^>- cl J y^3J jS^\ O^l^Atll^ ^Lo-^Sfl Jlp t L^J-AJ 

L$jA5 cp*)L ai.mII jli cjJJi JAjj c I Jut 4AL» jl iJI j-A o*5l 
iJl aJI iJLo^Sfl oAa ;<>t-s^lj o^iJlj . jjyP jJL Ja-j jl L^_iS0r 



. J^P^J Jl ^%_Jl*Jl C4 L-a. ^ - j^ J-3 LaLAj 

:>AP L$jA! ^1 i*U iki jP dliil 4PAp ±Sl<wVl cjuiSo 
c jbt ^ JLP ^lk*Jl oil ±SLo-»Vl l£AJ . j%-AJ| oL> ^ I Jj>t jow? 

^bjl Ail . ^_Jl^-I j jJl j o>LJL»jJl ^ jJUi bAp jJj 

^ L^*o O’ Ll*j>- i*Aaj c^j-*jJl ^aJL A^lii-I <sj LlJ-I :>Ap 
^ ol y' JjU ;>ap Jl cjjLaJl icAp iSL^Vb" aJIaJI olijJUJ.1 
>J CCjL-J-I oAA ^ja JSi cOLjAill .oLjAiJl 

^Ap ^lj LoJL T 4jl j* ^Jp . p- A J J kJL> ^l*^I L jLg_>- ^j-4 *5 LLa Ifrj^r 

4jlL>J.I ^ I o^AT oA>- !j LoJb" c jl ^ ajI-I ^ OjLl^-I oAa 

LjaI ^jJI oLl*^“ ^ja j^^Jl ^Ajtll jli cjJUi fr yjo .^jIjJI 

C jJJi j!l jJ5 V J .^-AjL 1 A>7 4.1^3 *,S3->xSa LI y£>- C^Lj AiJli C^gi l^ -A* 





liJLiPb 45s-o~Jl 
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. yVl frliiil AJUi Jl >jt 

C^LiJ Jjb ?<LiLj5^l 4j. ^ .iJt ob^i-l ^ C— j1 ^1 yA /^SvJ 
^1 U jJij lit cAlL>- Jj‘L$J| .sb^jVl l^bfc JL>“ jJLj ?^JL*Jl 
oL^r j> Jl*j oLj JL tiJ <>*31 jj! oL> cJjii til .oLlJ^I y 

jJLJ oUjJLiJl ^ 2 LjLJs»^! oLJrt jli c jJjilt 4Pjp iJL^Vl ^ 

jr* |»“M L 5 ^ ®JS?J (j^ 

jl ^ju Ijla .ciJLdJl <Lcjlp ijLo^Sft ^ jll oLlJ^I 

yA j o»Axj -X3 Lij jJ o y>r ^ll y* ^|j I ^ I t 

.AjIjJl ^Li^Vl ^ o^j>-jIt cljLJrl :>JUi olipl jalll 

o^t-it 4,illj 3 <— ^jt-flj L* y* ^1 Loj^gj t^^ 

frULp L^iJllP . L*\J!? ^>-1 i^‘ , ^ J b)l^5^“ (^tS^ 4y\jj}\ 

oU-U* IjJL>-j ( ^ a + JjxjLo 4j^iJl <~~±> y 4jIjjJI 

M cJsjVt C^llji“l ojjb yA <UfT 4 JLoji*^j illjb lOj^S 

l ^JT V y O ^Jl tOl yalaJt ..«*> $L*l£ 

tJjb jl c^jSvJ .(oLJrl o jjt> 45 >>-Vt oUl jJj) . 

^1 ^ * A ^t«.X^* i n j L^Lj C 1 + ■* **.lt <—*) I.*.* jA ^V*^sJl ^iAaJI 

UJLpL-j oJliU 40 U jl*l\ £j<j.“>r (jv yA c jllJjj 

o^VjUU cooiJt oUijJ^i . JtyJt iJU Jj> h[^y\ Jj> 

L^xjjU jl 'LoS .^UajJt 4 ^J^j ^gla -^j ttlJblj c jxJa jli-J^lj 

A^rf-yd* oLu>- ji-*iJl obr ^ ^JLiJl 

a . ^ . ^>^. jj oL> jb^JJ Jj c^JLa^Sft ^ *lil \J* | t *t > J L 
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^ jliJ-l ^cj jU jl .pl^fSl J* ^ » tll 

^JSxS^j V !ojw* a^>u>-I jjliA j .^wjIjJI illjil jLg-i' l£jj-^ 

?lil oLi^A-l oJla Jjuij liLo^ JLU a-jL>S/I Lgjl jj? jliJ-lj ^joV-tJl 
^tjjJl 2b^ji Jl ilL^J/l dJu ^ Oj y£ Ai AjLLJI oLiVl ol yS\ jl 
job jJJJJ jlS" Jij JLD^J t ( j^uLiJL! ^ j-*>j c (Blowhole) 

0 j ^ *l L^ »-tJ ||dy»Jl L>^ *^~ . ^ i ** 1 1 i — J 

.AkjJ ^ 

Ijajt <J^JL>- J3 jllJ-lj c^-tJ j»,*tJl ol: : jr- L>- L* jl 

o^lil ^ j g 1? > ol yiWl jl .(^£ j^~Sfl ^L^Sn y JjJbJl O jjr* 
j^o Ai cL* AjLkj o yilaJl lili ,^>-V Jt^r y ol j Jl 

C-j L s<5>l o jib . Jl jl J l3Li ^-^Jj .aJLIj ^^i>- jl co Jx>- <>t .:; ll 

J^j ^Jl Jl oIj JaJl jviSsJl iJLjb ?LlJ^ JjuL V jy*r ajJ^j 
I jjbj . J-V J*>“ y O^sAJ J? cJ> ^ ol yilaJl oJL* Ju y? y 

l^-jjl O J-J 4^*l>- l5U> Aju ^ .L*L£ oU-ui!jJL!l <J^jJL>- Ail jJLj L» 

jj l g la jlgj OjLs^I ^1 col jjilaJl jli c^tiJl 4>%S3 A y?yj cL^j-XJ 
oAy? y C- ^ a. ; JjxJj coJjli oLu>*Jl! Ajo ^ »^jAjJl jj 

. jjalil AI^L^? jjJl ( Ja-oJj J 

l» * t Jl Jj«A*Jl L»jJ lil ^1 c^-*>> 4^l>- jL-jVl J 

\Ajt J* O^jj c(Yoav Gilad) ^U-l oiJ ?5 jUJl 



A>-j Jij .(Primates) o>L*^j J l y oLjrl 4jjlic. JlyJl 

y L^j - iJ j^o jV <j JL* Ajjj j Joj ^Jl toLJ Jl jl 





Afs-o-sJ! 
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yty>: y»L± .2L>^I j 2b^zJl oJlAj .3 ylkJl p]loL> 

lJubj jiSl ^klll ^^JLp -UJjli .^liOLj j^tJl C-w2j15 

4_*>jL>- ^JLp 1 4_sIijLiLl dJL^j ,4-jlj^Jl LloL* ^ I Jj 

,4jLbj Lj jJ ^ JUJjJl cLj-LS j^iJl 

^ — ^iJiSl y Jjj^JJ jt — Lijjl ^ AjcuSfl y LJ! 

y Chilli OJ .LjjJ j» *lJl 4 ^L>ij (JjOJl L ^<o>^' 

45" jj L* i|» >t>ll oLl^ oAjli ^xll toliJO 
,&lJLjl y* ^ ^ 4^L>- ^1p y^\ J^Jio c^wLajlpI ^xll ct-i*>Lj*XiJ) 
dJLIi y jjb L» ^1 oUjUil oJjb ^JjLj 01 Lli^-C t4juiM ^ 



c-j 1~»7 jli tL$_>*^J o^IpI C— f L05" bb*lii JJuu oj * ^fT .y>- 



4*jiju j^5"I l ** j I j Llum^a j 1 O^Lflj LaAip LjLj ^5"! * 1,/7 1 Lji-iJ 

^ g ^ ^Jjj^ l^yb**dJ I LLs^L- LL)LLj^ 7 Oj 

Lg-^i dili Jjlj tc5 oLjJiJl oL>j 
Ii>Lm^ iJUbLi JjJ 4xuSfl oJLa OJ ti3L*^Snj toLJU^jJlj 



oL>- 0 Uijjl ^glp 




VjJ' 



. CLj ij 1 ^jA JS U)^ ij? ia-ii o 

A^iiiLl 4J yJl ^ JLaJ .aJLISCi^I a!>* j ^ jl C Jj^J-l ^ ^Sl jl 

^JLojj lit LS" .^jwaJl JU-i ^ oJJL ^ 0^1 jl 4 jl5"jJ 

ciijyill oljJ^LJl fJi\ j* c->tJ (Gao Keqin) Cj&4> jLp 

160 <w->jbL bo La j js ^ a^ * * »/? ^jA c»^a> aJL»o*>- c^UL>«jLu--4 

* 

L^jjju ^ill ^Sl jil ^2 aJ aJL>-j Ij ji ill Jj LS* JJl! .^Ip 0 ^-L* 

4^om5 L^J o^La oblyfci**y> oSf $ aj jvj l _i* — i bf _xJL! .^Lp 

Oli bo Oj .CObaJi ^ L^J jJL>»j JJl t^Pji jil L$-b! 4_Jlp AjJLaj 

J^'j c^-iL^-LS" Aj ^ laJl As^jty jf jJt ^jlb 

.a!?j^£ bg-3 j-giaJ' 

J-bajI ^Lp t JUJL^ \jjt j^Lxil ^Jb I Jb c.o»ij JlLI 

^ ^Jaij cbfcl y jl jLp ^IjI Ai] .^ejjbJl ^ jJLJLJI oIjI>c.T..^^ 
oli 4 JL 4 I 5 " ojbjJl C— >^5" ^-SJ .y*rUl ^-4 Aliva JLibu (jl JjL>*j ^ jJl 
C^J^* jjl ^4 O^LpL^ oJLP ^jLp ^./3 $ # yji j^P 

^Ssij C^J bo 4^2 jLLo ijllA jl 0t5"j .4-JL-^aJb Lu j^oj Ij 

^jP C^**^ ^ C t-b®^pl ■*</* 
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OjU- 2 l>oLa4j oUoUall ry> JjJjJl Jjlj . ^lp jj cJlS" 

4 J jli? l5 1p o jJaJ 4i yJl J,l 01 J, c4jlg_Jl 

* s# 

LgJ ji? Jb jj V c jJILoJL^ 4 iji !*DLaJl* I j\?\* 0^ JLaJ .^JLJl 

Aiff t^JLkSij 01 oljti c5j^ ^-^-«1 tLg-^j . oLs ^ jj o% 
0jo*-Sflj JjVl o 2^jS" LgJLSl ^Jl o jJwaJl £-51 jJLll 

. tQ^>L>r?.^ll 01 lX^ ^ J-^l l— • cA^l^ll L->- ^ 

oL>w» ^il jli cLbjj l^S " . ^ Oj-aJI ^4j UL# 

oLil jJO (j-* aJLaJI Oj^r^l ^ coljU>tJL*^o^ JijL>JJ J-sA^Vt 
lu^Lc C £tJjL> ^ ^ 9 LOjl 1S15 .j^OLaII^ cOL^SH^ C^llzL*Jl — 
c4js>^-jV^ j tLjapSn ^ • LlJ-Lna) <L*La 4jLJL>- ^1 Jj^jl^I 

^b-wMh^L\ > fl.lL*.*- 1 1 pLsApI CP-^-sAll J^Lfl-*J^f 0l^*^^"l l^^*kX?^iJk-i-kAj ^^*Jl 

ol J>\ d j-jJi Jl cAjjlii^LII oUl ^ sJa^JI 



* - ^ ^ 1 (jl Lil^-C . L^JLo-P Ijyil^Jl 4wij LuPlj 

4 j^j ^J l ^1 p o j-Lfl J l j^Ja > 4*jL*^J 1 1 a ^ ^ ^jllII 10 -A 

^LJtJ ojLk- Jl>-\jJ . ol jL^Jl jL> I jiiS" <u_Jl*j Lll*pI £*j jU 0 | 

- I 4 K o^LaJI jU 01 luSlc .(Chevy Corvette) cuJ j^T 
£-* \Xj c£j jU c--i J 0j . J-* ij>r j 

01 LokS** ■^1^' 4»<jJLk>*J>.l L*ax11 j £* c 1953 LgjLOo 

i?Uail JL>- UajI jJb iJlAj c^jjU C.. : 9j ^3 4.4wL>r :^Il c^l jli?^L! 
^xjjU L-bP*!>L> .^LsApSflj 4,*.^^ lOjb 0) 

coLui-l J L»*!Aii-lS" 0/y^^ ip-LapIs" 
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4j j jjl 



olaJaJl o Jjfc JbJL>0 c-J-Jl JCS'j . Ljaj! jU LgJ cJj^-SH C.» » i v? 
c-LmjL^m 3 ^jp> OjLp «*»* > Ljl «i)j~L> cLjLjapI ^ ^tjjllll 4jlil>tl! 

^Lp LjJ yaJ ^1 ^ isy>r ja c^pr^j ^ 

iLlicOt ^ 4 jLjL>- o JcP- Lfc I y Cj J^li 4ji“Ljtil ^ UjJa]I jl 

Ai^-ljuJL! ^l*jJl aJjL c-j^JaJl .Utilll j-A L)| 

Lfljjj ^lil jJL>ti.! JT ^^-plS* c 1 I lj > p i . 0 

^7 jL^-1 ^jA t- y+js )l 0^ *Aaj 'QjJk+£> ^p 0jLp t^o-iaP 

j\p ^j-La Jl Jill! Pj^" o j^'yA ^ ^Li ^1 p * y 

t (Cornea) yiil yiVjti . jL-*ll IJl^J ajLis^l o J-p ol*Js? 

^jj j^-j .(Lens) 4 ^-AaJI ^laju c£^ t^LLiJl ^ aJLI? ^aj 

J& ^p ^j^l«-xJi t ^.>,/g)l 

.Mj!V o*>LsiaP Jjiij ( j 0 *JL)j t (iris) Oy^l jl 
^ JbM ^ LjT jij ^lll jS* LaJUu f-jJaJl JjLjj ^j 

[aJcs* tSJLia ot>LjaP <La/JI*JL Ja^ ^jj ^ It t Ij^l^Jl 

aj j-^aJl f dJJjjj c4^JL*Jl ^ joJ LO^^ill uJJj 

oLlj j jj ^jA 5J j 4jLLi o ^S sj iJUl 4^»JL*Jl . JL*j ^Pj ^ j* 

oJlA cJ5 .c jJaJJ L^aJLs^a ^ j t Lgi^s-i 1^L*7 



— —(lens crystallins) ^uil olj^JLir. 

,^-ojJLj Ll<JLL ^-4 L^*L^-4 e-lot ^ jl oLwJbLLS Lf 

4-p-jV L i (_ 5 “>L* —(Retina) — t jja)l 1^-1 p lal^o ^Jl iiLiJl 





jJlU-b S3w*J^ 
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( Ljjz* J/ ^ JaJiiS ^Jf i&j4*r V? -*Lj j/ 

* -uslJj 1 _>/_> y jjhiijt . j 

OljLi^fl oJLft tyJaJl J-j y P tyJaJl Q^A.j: j 4jy*jJl 

jjp ■& j, v 3 ) i - j i stJbS JUt* cLl&Lo 

JjVl .b^Ai-l G-bk ^y« OL^jJ iJU-ft »g.j Jail 4 a>L>* 4«iiL-%4^- b^*- 
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a$J\ J-aAJI 



.a) Jil d*^>' tj-Jaii ^L-m^- 

jiSfi b^Li-i L |^-J 3 0 ^JJLj Jajt3 ^ j - /* W 

L » *3 jl LuSlc c jl jJ-l jllp ^ bJ y- L* jiaJ lit . a^L^* 

br 4 tjf V— 5 (il J^' j' <■ La-^L- OljJ-l 0^ 'ij 

^ jli L* L^LjLt dJl a J^Lio oL-J^n ^ . a-up ^ f. j .,^ 1 1 A^*>Li“l l/^bbl 

(J y- £c_)jv 2 j IJlaj . b^L*^! ^ A-j— jbl L^Li-l /70 

. b! A^wjJlj jyg til A^oJki 

C^Lfi^Jb^x-Ll d ^^>- y AjuJlu tbjLpI LM 

( £ j>~\ C-jLp^o-^ .CjLjJjJl ^1 i3U->/Vl y> cA-o^>«-^>“ L^jJlJ 

L*^jbl y aL?..., ^ j) jo tAjilli£ b*pl Jj 4 toLil y 

o3 jil viJUbS"’ A-S* Cjb*Jl*j ^j^pi Jl,l Ct j-iJl i_ja ^ ^ <L>3 .yaaL-rll 
^jjU Llo^J ^LuL« 0| . i y*t-> 1-UapI yk <LJl~b ^| ti^jljJJl 
a^-*<j Ll<>aP^ L*«4 t 1 . - - j * Il ^/vj aj^L*J| ^ ^ t ^jb Lllp 1 

♦ U^oJ>- ^>>pSfl <j> ^IjjSfl Ji" (blljJ 

^iJl Aj^jV' j 4c- j-JaJl £-4>-4 ^Jl coLLij^-I ^jJLl^ cbJJ-b (*LiU J 

. aIS" y \ fl Jj obJLl J L^-> JL>r t.^.i 

Aaa^iII <J\jjjir\ 



4c^ j^-l j*Jj c- y A 1 1 Ajt*bU Lj*^jLl J* *>L*i p-^il J^jJl 0J 

* 

yu AJjj ct j-JaJt ( j^alX L»^UP . LiL>- f. 
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uyj jj j ij- 4 %{ ji \j*r J,} j 4lSLi 

*^.i.x-L>.^- T .4 ^.pbij ^Ja***j c j)^)J 1 L*^Llp (Opsin) 

0 , 

(_C 4jall < £ LpI ^ Lit ,^L«wUJ 4 .,s3 . ) O j* *,<3n ll ^^j2j 

4j^Aj Jl c cjIajLU^ L«Lc . ol jJVb j ^ ^jSfl j ( j^{SfLj 

p J JaU 4jc*L>^ CjL1)Jj?7 4j^Aj ^L>rJ t 4 j ^ iil 4-JjJl ^ jl jJl 4 jijjI jl 

Liji ^ j-*»SH j jL^aj^AJ <. .^;Sb L«l .jl jiSfL? <_£y\J 

. Ja-43 JL>-1 j 

^ tf. j-s^aJl ^ I^15\-*i jou p j JaU CjLl) j^i-l aJLfc 

£-Jaj 4-JLftjJl JL^U . L^lJL>- Jl ^ ^*j j c^QaJl ^ Lj-^uaJ 

* 

C..ld.:>l lil ! Lj yu Aw2j>^jJl LjI jo^ ry* 4jLS" iJlfc lJ> yu j LiJi 

pL-^SH 4j J j J^.I~Il 0 C^qJju* 43 yP p^.,^, 4 01^-* ^y* 

^li^- p j^caJJ <L*-*U^1 cjLljjJtI jl yb villi ^ i .»*Jl j . ofcLJl 

4j ^ yji ^^Ip ojJiiLJl LlJ| ^ ^ju > -Aaj , o^Lp| |», i* 1 ^ i_~* - 

0 I 3 fe j * 4 1 ) pLJap^AJ ^JjbwiJkl ^ yiiJ} ^y* ^1 p j 

^ l iaII p^m^I JpI aJ I ^y** 44 «jli ^ o ^ yj ^~‘ JS* 

jUii) ^ yiSL-Vij cjl>tllj c^iJl j jl , 4 ^ ^ ii oJ^j 

rtj jU £-jj *V j . q1i*.m) jSfl ^ (^ 5 Jw2_!i 

Lsiajl LjJJ brl c ^ j jf <.—>*$" y> ^ j ^ o 

^ oJLfc (^ 5 ^ jl Ljl^4b 4jl -^r*r 

.JjVi fLill 
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bjJ\ 



£T J y£- {jA ^ y j-* d£***JjSfl 

o^L» ji ^y*^~ c^lL&jJI owL^j ^LLLij .Lg-L>-I^ aJjI-I 

Ip i>ZJ Ll**U ^ I * • 1 » .4»Jjd|j (_£ dJl f-LwJtll yS' O LjT 

(K 

coUJLLlj tj^ULiiVI aJ LI^ ^iil c ^ll LvaL>* 
i c^ y ill jLwAl IAjci 4»Jidl ^jL>* dr* lJ^ ^ 

. 1^-iJk 4 J 0 1 . dj 1 f-d^^P 1 4^Cdw*j { ^ <-iJ 1 

ollij^r *1 j^rSf JjjLla-* 4jj jiill jL*dl I jjt> Ji-4 (_£ y 01 

^1p J.-\j HSj^r\ iJtfc ^ 4jLJLi 5I jl 4 a 

* 

^3 jJ*J jJaJl J y& ^lp <-\JLC C d^L) \ ^T I J^r 4^^) L>- 

^jA 4 J Jjca t\ y>?\ OU cL* J^-doj . Lj ^ iSCJl ^-4 djjdJdLl Ll>*jjIj 
. 4jj^J1 ^1p d «Ap Lybfci) ^LjL^>_t-*>' ^>-1^ 

Ll*pV jdjl ^ 4.« jJl <jjlwl>-Sfl y* 2 **. tl)l { ^>‘ LuSoT 

d^l J^Sfl wb*-l Jl^-LJ .4jUi>til olil jJj ^a>tjL 

.jljJVL> ajj^I jj^ c(Primates) oLJ ^ L^L# ^ 4 ^$il 
^^aa ^ jj l$J i^rjJaJl ^ll*Jl 0 ^ ji Ijf-Lj Ji \ j jdJl jl 

. £ j-daJl Q>1 .. a: >^4 ry> jjl 4j*}d ^1 p wLaJlxj 4j jlil 4jj ^| /jA 

n )rZX A J-daJl (jy*-* ^ jj oJj KA O^aAIwJlI 0 Jbfc ^4 0 Jj>“l J 

V dJJdJj c la fl* ^j-4 (jlp jj tfljjJ oLjJltJl 

^*ij LjI^s-aJj oI 4 1 » a i jwLSJLj jl jl L^iSor 

^ j-Aj ^Jl ollil ^lajJlj (jl j-lVl-! l^ijj J j-m^I 

yjj L^pL*^? < ^- «j 1-JtaXjl , ■% la y 4 l ^ c t— I , ^ < -P jj 




,iJLU-b 
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jLjl Lgjuj 4 . a:.~i.l ^ill LJLu>* L*t . otiJj 

IJla jl jwLj j . jl*j ^>* (JpJ oLj J jJl ^iL f 7 OLgjLtw* 
oL»wdl ^ oUJ-l Jl>-I (^Ja^Ljaj L* JJ.P olJb jl jJ jU LiIj j j jl 

c£ j^“l p ^e— uJl C. . /a ■, r?'» Jj 4(.£ ^“Vl 

o^L-Si*.^ oLlj>* oJj> 4-^jjj j^*Vt 0 Li c ^ Jci^i L&^j . tj-JaJJ 

,4j>*jI ^Jl 

J«3 ^LJl ^UaitJl oljJcJ l^nj jl J j^-Jl IJL^ 

L*JLLP aJ A-^ll* Aj j ^jl Cji-f (^Jlll tt^iJLi llfc UJLpL-aJ Jj .(jiJL* m 1 1 

jL>xjoVi ^ co j&\ ji . (J,j Vi s j-o-U aJ o j-^-b 

£^l jj I Jb^jJl (jr 4 jl jJSH A^Jj jV 

Ui^Ij^ /^4 jj-* j\5"l AjJUiil jLi>-Ij (jljjVlj i^UJl 

^ jl jjwLi> Iu^jt 4 jl jJSfLj Aj j j ^iSl 4(^ ^>-Sn oLJ JJ 

4 0-3 jJl iJlA ^3 .AJLm j ^JL. 55 ^1 LiJ jVt (^Jl!l 4^j 
obLiil ^ j5\j ^Ip ol Jb ^iSl 4 c^l j ^ jcdJ * /j* aLI Ij wl _>- j 

^ j 4 J>«J| J j^lJlj A^JLP obL*il 4C-3 jJ| l^i-A . A-C JLlSl 

Lo^ obUJl c^>t . .Ajli j jill Ijcwo^ l$J /^xJ j wL>- (jl*L* oli 

jl j^Svjlljl JLi-l ,j-« J JLj j . A A ll£- jl jjL LJIpj <.JS\ ^ j-L) oli *X*J 
^1 4 j jUl Aj^L>-I AjLp (Jlllj VL> Aia-J jl jJVlj Aj J ^il (^1 jLSljVl 

. A*«jii?Sfl-! A^JLP jl jJb Ajlp 
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4j J yjl 






c ob jLii s >Ul ^ Ubl j LoJbA>0 40r>^-A-l 01 

h i JLii\ 01 . OLJ^Ij 'JuJtftf tobjliiJl ^ c5 >Vl j 

^ ?. jAaU 4 jc*LJ0 4j>- L- vw* d^bjJ ^1? iJLjb 01 



o Aj Ap ca O b ^ ji 1*^ OlAjAji^ d^b^lAj^Jl <3^^~ • 0/i^ - ^ 

^ y>r jj Odpl 4jllaj ^3 4j>- O vw* j»A> bdLj cA>e-w-jVl ^ 

.AjLj2> c-^lAfct^ gLywdil ^jA Ali? ^jJl cojowail AjA*)I 



. iQajt AaIi^JlI ^•L^alJl oAgj ^JiLdil d^U“} 0 >-Vl .iAP ilLfc 

bjl 4 oLjc« ^tjjli]l aUJI oli 4 jL>- ^ plJU ^ C JLP 0J 
. C->bjLa3*^Ul bjupl ^ju d^li'yll^-Vl ji-^r ^j - 4 IAjI /jSbdj V Ai 
Detlev) d-Jj jl ^Juiio 42001 ^Lp ^ >■ d^AS" JbM dJlbj 

^ ^ c 

. I A^- 401 Ju SjvO^ ^n-pl (Arendt 



5jjyiil kJ-\ OIAjaJI l£~^ 1 (Polychaetes) d^Uf j_AJl joJ 

*■ * * 

y l ^p£' y L^jAJ 01 Lo*S* 4lA>- b : >^> 1 j£? . 4-jlA 



^P OjLp Aib-1 d~d Oj-iA^ j ,0a P j ^(0i^ If'j-baJJ A*w0**b-1 pOApVI 

oJjb d-d>jl A>-1 .f-j-JaJl bLiJV Ujlpr p^>- 

< »* .1 ». <*.». ! I oi . ajA*^*^^ 4 ^ a>- L i oIAjaJI 

ddJjV d^*w\i t LjAJ f-j-JaJJ Ajc^UO cd l s/2 pVl yj 4 Qr^ > ^; j S/ 1 
L^jaJ 01 a^j Ai! . d^OS^ ^. aJI c- jdj oLS^ a*wIjA 3 ^d^L-Ll d^l^^Sfl 

^jydlj . dJ L j I ^Al ^i]I 4 d^*)Lidi-i l l ^P jj ^ jv^Llp 





jjULpb — 
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. CjLj d^y^sc- o . ~ m * 4j j^a 

JLaJ . L*l_C 1 a 1 ~.£- I ja\ C-blif JjL£-l C-^- 4jLiJiJl <LJ j-jaJt 

^2>* ^ 4j^Jj>- 4-^Sl jJ J COljjUiJl ^1 p t^C, y£- c— >IS" 

c * P 0 t 

^ja 4 0 Ip jj 4jJl! Lsl ys>- 4 L>* l^^>- c.^j' JL>-j JLi! 

J>7 4 4-^j I JLJ l oljUi^Ul ^J,| jiaJJ 1>~LP .^jIJU J^Jlu ^ liP jj 
. L^-Lj Lo^JS iijLi:, oljM o yS- ^jA 4jlLj>tll pi JjSn 



OL-Jr^ 



ul l^I 1 ** ~ c-3 LJLiS*^ j ) ^jij 

0^ ^il viiJL^ — 4jlll5^ j~Lj ^Jl CO^P^U ^JslS Cd^J^- *lj^t 

4jL>-^>U ?ljl^ 4 jjIaL* j J^o ji — jl 4 c^lj jJlj 4 jlJjjJl ^ 

„ Q j^nJl ^1 -j 4 b 5^ 4 4-wL*^-I 4jL^ ^ 3 llPO l*AJb 

j ^ (Mildred Hoge) -b cJli^ 

^r\pl L^j jJ 4 jLo OJl^rj LiJjP 4^5"lijl 4 jLo ^ C-J I jilall 

jl ^ jj6 JL 03 caJL^j 5jL>- diLtJi 4jL JJl aJ Lfc ^1 . Jai 

; * . 

4PJL*j L^Lo^x 4 0LjL|AJ| oJUb Ua>- 01 LgjlS^lj 

0 

. jl jliJl ^ li?-V 4^jLt-4 0 yii? C- .(Eyeless) 0^*Jl 
^ 4JL.IST iS Lo-^J 4 djocs^ (J\pi L^jjJ jir jl jJLaJl 
jObJl ^gjJ IjjLi^ 4 JL?- iJLAj . l^- upI diJi ^ Lc. 4<>- j]\j ^ J\ 
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4 j 



^ yiSfl O j£j V d~>- t(Aniridia) 

# ( «>* 

lpl jj! d)jJj>tj g- L oJLp OtS" . g-L>pl p!^>" 1 

c jl jJLaJI ccyLJJl — oli jl>tii oJjt ^ 31 jjJl ^y» 4^_>Lis> 

.jiiJlj 

1 ) j-flJl oL;.n.w"ll ^JjIjI {J? l3' At'CVI tUr 

ijj-Jj ju Lj 4 : 6^) ^ g fll ^aJbJL>* oLlAj j>J*xll oJLlg L*Jjlp 

JLjwL^- I jS'ilal+tj] c cI^L-Jrl JaJl j>- .(J^yiJl jjiaj ^ 5 ^ L^y 1 -^ 

J ^JL j ^J-o-P L«AJLP .d^l ytlaJl ^P pI^>-I 

<l)L~J^/lj CjLiilj C4jbiJl < ^>a JiT cl^lu>- jl £w 2 jl C^JjJl 
^^<*3 <o» *><^1-1 ^jj 1 a ^|»<> <o*JL* **j j ‘. - 1 Cm^ 1 3 c^j’va^I ^I«AajI Cj^“ ^ «>* ^ 1 

.4.^-uij <^yLl LgJj J ji!l Jjia-LCj 

^ypyCj LtJ-LP (^jJl pLoJUJl J Jj>- JjL! ?ijjb ^4 UaJLx 1 I3L* 

<1)1 vii-Ii P AaJ .(l^pt OjJ jl t Ojow? ^J^pL) oli jii£ ^cUj to j^k) 

(J^lj . <l)j**Jl N>J \ »■• +**} j lj-fl^ oJlS" <jyi“l OtJaJl 4>».»*jJl 

* t 

^y> L*L£ odii£ ^y q cc-^jl^dll 4^ jjaJl c^>tw^l 

^ 1*1 ^ Ua^Jjj lU. A:7 ( j^JLLi LlLp jJ tL>JL>tj liL* .4 JLl»>I 
LujLoII . J-ojl!I I jjt Jliil l3jljJI cyL jJl (1)15* JLi! 

I 4j jjflJl <ui*i-l c^l j^S/l ^JLp jj jiaj jtf* c^jyvioJl (1 ) ja!| 

uJlSoT <JlJl^ jl cU^>* C^3 ^P 131 .C-^L jjl ^j-<otJl 

dJLIi L^-j laJi^ 4 jL 3 jl 4(1/^“^ fiUi Ubj^Aj 4 jL> 3 ^tii j d)l 





^ ^ - -ft 
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(Walter Gehring) £ j$\j Lb iol j^V' oj-* 

* 

Pa «**; i ^ip I jjli c3^ 0* OLS" wLSi . 0 ^*Jl ^1 JL*Jl 0i 5 ^ J . 

jl^s-A JS" ^ 0 j*xll ^IJjuI ^ c5j 

U-UP .A^rVt ^ j? cJ^jV' ,jIp ^ :Wl* 

I jiaJLj lij JLil .*yj&JL« I ^>1 40J-P-i-> AjL 

I LJlS"j .iJLfc j^ILuj Llp 01® ^ OyJ' f la ^' 

OJ-Si ( *jA . oJb Jj>- J^P ^Lp j jJLa>*j IjJLS’" tL» jl^-A ^ 

aJj! CjIjJj <1*> j ^_P?1 tUaj*- ^L»l ^ A^Ul jia»! 01 aIS* 

JJ J^J «j^ £-* i_ A -OjJ . »^^aJLl 

-tovdl 

,4jaJll£- ^L>-1 <jy otui-l ^Jj J-JL» Iwb JLaJ ; ilL-fc ^_p lJlSjIj ^1 

4 (Pax 6) 6 tjLaJl ^£jJ ,jyJt jj^r Jui J 

Lc! ^j^P AjJ c^ -1 .oJjJL>- L*P jliJl (j±>r .AjIo 0 jkJJj 

(j&? p-gJl^iL jl ^_J jy& wb»7 j JLaJ . 4jLo cOlS" 

jl 4 j-gJail ^Jp L^l ^3 4-JlO^l AjLo 0^ P* — 

j jlaJ ^Ip j-to ^$P Owb^j L* 0) 4_*Jl>- jl 4^LJ0 

I jut 0 } . Lj j-Sj ajLJJI tjLiJl 4-^-jii ^Iziil I Jut OliT *X®j 

* * * 

ajL^jJI ^ ^li i^LijJ lJLi~ ^pLL la^jJ Jj 46 l j*^P j . 

,oJjwb»7 0^ <S\ 

jjiaJlj j^5sj>*Jj 46 jl 4O j**Jl (jy>r 01 OVI jJLw 

^0 j 4 <— JL*j — AjjJL^ (J^pS '1 «a5 . 0 j-p aj jJ ^1 
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aj j jil jJ-AflJl 



^5\Jj — Aiz^j (_£ j >-\ j 44.^ Lg-Jftju $ j^p ^j-4 

aJjlJj — 4.>.. ) L* j jJt ^ j ^- j L*-Up 

4.aT.t ll L^Llj>-j tL^jlijj>* 

4JL«IS* &£* <*£■ (_£ L C L—J Ij *X l I ^ 








ilaJl 



oij’ii 



A-ii £ jl A~>- O^Vl J->“ta JjVl o JaJl Jif 

* 

^Zaj tJ-Jl JLPj . ^Uaxll JajL>xj oOajL* 4A^>s-cji“l ^ Li^P 
aJIjV £ J*. aj \ lxla3 ^ j-Sj 0 \ iLlp c^L«jJl 4jljlj t 

^ ji 4_J ^ c 1 JL>t- Ibjia^ jl cLi^ I^jIj C.. l^T lij .iajli-l ^Jl!i 

wL>- Jl A-Jto L$Jl .aJL>-IjJI jiVl ^1 “ ^ jj j 

4 C <£ ** OjJL>- ^ j* -U*j 

oL>L^5" ^Jlj ^iJbl cA^l li 1 ^>1 OiSn j<A^j V J3 
^ *:^ - 5 r O^i 4£-«~~o L®-Upj . (Rube Goldberg) ^ ^o jJ^p 

Jl Aj^Jl ^l r Vl J^Jb . Vrj^' OiVl ji t^rjUU *jJL| ^ 

aJuai -4 jiVl aLL? .(eardrum) jiVl a 1 J> jIjia! < r ~>Jj OiSfl 

Ax3jaJLj aJLoZ^ oLJajtJl oJlA . L^>u* to jow? oLJslp 

L - ■> **J i" J liv.i?C- jijJJfai 0| J^-JZj (OjjJbLl) 

kiJj I? j--gJlj 4 Z> j» y?ll 1-LjJ .^*^^11 iJlA I? yjb J 4^ yu^fi 

Jl iS^ji A^*>LgJl Oilil ii j£- jl . A*J jjLSl J>-l.3 ^>- jll 

[jbjy^JL J OjjJj ^jjL 4^L*wAJ( J| OjLil j ^iJl 4t, iL^apV^ 

#> * B 

aIS* i jjb J^>«j 4 L_ J Ij i.*> y* *^Ka>- L^j ^ill 4 *lo ULli o Jl ^ . U y^2 

J^-b o-b^j 




Si 
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y \ w s^^ *- . ■ * * ^ *_v y/_. /( ■ f j^^ji f| 



;OiVl i j^* s-tj^rf Oji jjjjAiJb LJ 'A* jt 

. O^S/^ .A-JL^l-Lli l t ~ u J? 

0^ 4 *1 S, ■ |0*" '1 _ fl j** ^ ^ A JyhHtJl C^Lo. ^ j^J> luL^ 1 ^ ' 11 

o*L* 01 p L^ Ja^- aJU-I-US 

.Jj! P-» \jj\ j* *Lj ^a Ll^s-C Oi^J y^iJl Oj^rSH 

tbJljL^j *uLp ^jJju (^-Ul tOiSf^ i y* jjlajJll 01 

^ OjJS JL^till .L^L^-^Sf L. r .>J 4jj JL>- aj j^laj ajL>J jjb 

^S" m o\jJ-\ 5ij-b- jt t (Aquarium) ^Lil ^ ^ll Jl aJUI slid *- j 

j t^UajJS tjijlS iJL&_^S/1j i^f* j-5Jl iJL&^O ^jA 

o^jl yA — 0<3^J 3— — 01 ^ Z P^a-Tt 0| Oj! L^J-^ 

t o Olil L$j-U . U,a» djLjJLtll tS-d 

^p- oj^Lp a_^ jUM j^1 L>* OJLpjj: . O' \ j L^J 

• L)iVl jJu 
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jl ytfl : ^UJl 



^UaxJl f* ^jbJLj LdU? Oj 

L ju 2 LLoU j^p lil^-4 OiVl 05 . LJil o ^laJ ^aJj 

.oSyry <L*a}\ j^xJj . 0131 4jjJ ^ yi)l jt 2^1^. yiJlj 

. JiSfl oLft-Jaxj V jl IJLjJj 
slj'te 11 Oity OU> - JcLS jll JiVl 



C 4>*ilil ^ JjJl J 4 j*Jl 3\ . 0 yJZ \*0 yO±- OljJLiJi 01 

y UjJaJI ^jio &>Ju Jij .(j c->U jJL>Jj L* LuSor 

01 . OiSH ^-*-aj cjLj jjJJ o^A-ll oLo^Jl jtS^I ot 4i ^^4 

t 01 y>- ^p C-jLj J jjl jJl OiSfl oL*Jap 

LjjjJ oLjU^JIj jJi LomLj coLJaP cL»*!Aj oUjdUi 

OiSfl C-jL*-JaP Ljc-l>- 0 t°^ .C-jLoJaP 4 j! llLo^^U j .JaJb 

c-> 1 ^ JfljJi 01 J>jo ; 2^>o j^Sfl y 3 -^ 
jJlj (incus) 01^-Jlj (Malleus) 43 jJail ^ — - Ij <—3 yJ 
y 2 a: . t 4 ^Ua*Jl oi^ JS" OLi cLjtj Lof j .(Stapes) 

oi j^L e-^LS" ^Jli ;<L 4 ^1 j^Sfl 

. 1 u>,/? I 1*-A_»j \_LA^ .oliJl ^j-4 Qi^-i ! - ^ AJ^Jall^j 

^ (Karl Reichert) csjJiSjj J JS (JliSH ^ILp 01 S” 

a-jL 5" toLjJill 4j^-l ^ t^cjtl937 ^Ip 




jJULPb 
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Lfcl £ 71 4 ^ g A 1 £4jtil5^ 4^-* ^ \ ^yi\ JjLS . 

1 j-»l JL>-j ^r°J Ijl j- 4 ^j-*J l) 1£" U:*> j .4jiJj>til ^ 

^ (j- 4 CjLj J jJl ^ OiSn ^UaP Oi-^ :b* 

(jwU ^ 4 jLjIi5" JL5 j c4^p Ojylij (jJUflj ji . cjLJL» ^J l 

^jp obS" d-jjv^Jl ttiJLiJl J jiV' (jy. *j jlLJJ 4 JW? j ^ii ,4lJLaO 

J i4S**JL^ *: j+ZtS' ^tJjCjdJ ^jjj jil 

ijiSfl l)I !4^oJji-l 4I>t-Jj cJlS" J ♦ <^3LtslfTyi IwLa ^jA cA^>cjJ 

j£\ jj>SH ^r^ 2J . eJ ^ viJLJl c-IjsO i ^ * *>,,4 i ^ 

^jJl*j l)I J-3 I jjfe ^^3 1 JjS cIa jylJjj l)> i]jJJ L* Jj_p iJLiu 
^3 s -jTl y C. ■ « > > l)I ^-a- 4 •^J^ JtJ . oUi-l 0 (J jj>- 4JL> ^lij 

?j^k; 4 j J&> <(t$Jli)) Ljjf Oyii^ 

jllp £j.Ij c 191 2 j 1910 ^*Lp ^ oj^ij dJJi Jjuj 

4^1 o»j^j Jl^pl (Ernst Gaupp) c— Jjl 

a! l-^jP JLil ^ j^ 2 -* l3j^“ j- 4 

* 

. (_£ j jlu jll?| ^3 CJ^jw-1) j I^j\*~j2j OJjJl dA3i ^ 

ijiSH oL^JaP ! (J, U15* ^Jl o cO 15" J 

. CjLj JL iilj <L>-tjjJl Oh c^*)lijl Jau- jJl 

l-jIS" jJ( Lfr^ii tjL>“ijjiJ ^^lau- jJl OiVt ^ o^ yiil 4 ^IiaJ 1 
c lZj L. jijtil tj! , 4-jliji ^4 OtJ^wX>-L* LoJfe*^\^3 c 

t_£jJ ^lau-^Jl jiSfl ^ Oh ^ r*"^ jl a>w? c^> 

ili o ^ ^Uip j-- ULiJ Ji — jlJLuJl j 4i jkil — oLjJJJI 
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jbV' : >UJi J^iJi 



oUL>r :.^ll Oli dJL>- JlJO oJjfc oLlS" OJ .o-s*-! jjJl 
c. j-jJ J*}L>“ OiSfl j OJLiJl uy. jLoVl 2jLc*p ^ j LaUap 01 
aJ-I oli ^1 p ^j-<kP ojp of ^a aISoII lO IS" j-SJ ,oLj.-L)I 
01 oLl>o~JJ (^JJl cjjJdl jUlpVI Ui". jlj tv — 

. 4j ojjfc ^ A-Jtll 

/j* oJjJL^r ^1 j->1 oIJj cjO*p £-^bJl 0 ji!l ; jSf' 

Li ^$1 o J-*-^ ^ qUIpiS^! t r .~ ; iLo.»Jkl oli jJL>*_il 

A.L IS" ^JS^La ^i2jSn ^ o^LS"" La LJIp^ , Lj-w^ 

L$o OjJLnil Oli tlgiLiiS’l ^jj OIS" Lo j jSLiu ^ ji£ 

Jjwb^O ^ O-UJ ^ ^jUuijj J,l ^ £-0 ? y oJLf 

t * * 

t4iii^ oL- LgJ oli jJL>Jsl oi$i jjj! Jaj Ji j .l$JLl^ j Lgj^*L» 
tl OJj to jjJlS"" i.olinjl LgiS'Ljfe 

Jai ^a ^tjluJl oLa <0^ . oLjwiillS^ — 0LoVl5" — y*~^ 

((oi>-ijjil aOj ^iJl o> Ljwliii )) ojjb 01 ^w 2 j I Jii tA-Jl L« 

^itj» a>-I y>xS^\ ^sj L« rjA Ip yj* jS^\ ioJail JffLgJl ^a 

, Lil Ojj£ jjl IgJ OLT Lcij c v AjuLiJI |I j . oLbo^ll 

A ^ a i* - ^ ll 4-jJtJl <_jLj1^sJI o%Aa l ** - '**»• ■ ‘i^ 1 4 ^ l y ** - 1 1 ^g Ql l ** -* l ^ t ll ^ ^ 
AOi J oAP ^ ^Sj>-\ ^Lal ^ Aij ^ O^-lj^JL 

AJL<iJ>- ijlili ! a! «*JL tf t. " . 1< jL ^ 

. oLoiJl J o_>-l jjJl 

0 jJLoju cl9l3 ^1 >p oLL> r . : .J s l ^LoJpj ajl>-Vi ^LgJp 015"" 





dJULdb 



228 



yS}\ jllp (Ci \jjb ,jP Jj*-C, 

£H jtiL! ^Jxj j^Vt <_A>dl — (W.K. Gregory) ^ .iJ . j 
jl5" . a^j-Li oL>l>rT,^ilj c-j jp ajl>-I a ^ ^ 4 5i*)^p — 

A^oJaP AjjJ A^^dwJl dJ L^wliil ^jjk <_j jiSfl jljJ-l 



tiii AjjJ l)IS"j cia-A3 Ajil ^ o-b^lj jil 

dir Lddj tl.Ar»r j» g * j^P qlJLSsJ' j^* Jjj .^QaP odP l) j^L* 
t djLjdilj L-j jiSn jjJL A-^-dJl djLjJiiJl ^ l£ jy*-i J* 

t JISsJjSH { J* a! aJ Lm jLu>) ! L->- jl£" AjI dJjyldj JjU*J (jlST ^4 1 
Ji ctii * j^y* l)I dJ-i ^ol JjJ j-giaj 

jiSfl j ajL^J' J> I Jj>- cu«rlyj £» j>~J\ ^>^J\ 



.oLjJttU 

L*j .dJLiil ^UaP ^ <jlJd~*Jlj Ai ^lail l:^IaP oLiJ JLaJ 

(^j jjb*-SH ^ LJ ji-La jl5" cAJ>-Vl ^ CP jPj dJ jdd) j <di>-V 

jJ,l dj LjJdll jl , t, . — j AiLidS"! jl I jiajd* c cdJ jJl aJLL? 

djLjJdi] Axilj ^ LLaJ <J*>L*Jl oJLfc j( ?^GaP dil 



A^oJaP dj!3 dJ Li I Ajl^^mJ \J cdJ \ ll ^jA ^lpl d^l.5.5 j* 

1 .' ^* i lfl S* l»P Lj 1 iLJ I £- ^ywj ^ A ‘ ^ * * ^1 a 0d^~i^Jl 

.Ljajt 0 Jj Jjv- U jJa Lcl — ^jl ^Jl ^j-^jaJl ^ LjI j Lo^ — < 



lilj t^JL*Jl ^Qip f. j-Jdj j^dJ ji JLaIjVI l^ijb jLi c a j-l 

* i * * 

C^llajtll j) .<_£ l 0.5 jil ^UaxJl A^>- jj o^IpIj 

^ Ojd 1 ^ >_A^I jjil Jj ^ J-^Vl ^ t/J' 
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,£_4wJ| SoIjJUJI 

4 ^ lap C-^L>“ tbl y\ y* . (1)1 J, 43 ^Jaii \jy£ -daJ 

* * * > j» ^ < 

(1)1 IJbl JL® C ji 4Sw<w>J cL*Jb liLjl <LUL-^j ^Jjjj) lil 

L^aaJI LjJli ^Jb c d)L*J^i Oil ^>-b <b ij< n MaJl <L*Ja*Jl o JL*> 
^UsuJl oJL^i cOJ-!i p-Pj • L$ jl*Jl A^o^Jl OJO ^ jil 4.L jJaJl 
t 4^j Lt]| A^a ^Jlo^-I ^jjjjsJI y* 4_*Ja_P (w-^LS" ^il (1)1 . <^> j j^2j Lgjb 

43 jJLall 4j jJjJl ^LiSl — ^>“Vl J* j2i\ ^ l^J 0 jlabil 4-oJajJl 

d)t ul)il 4^Jip cu^J 4^Ja*Jl OwU ^^xlj . (Hyomandibula) 
oLb'Lx ^j-4 111* yS* f-Ljl ^ .Olil L^jjJ yJi lj iiLo^Sfl 
4.1a3U>o (__£ ^i*Jl OJj^I 4-aJajill oJLfc ts-lll 



.^laJl 

tlgJSCij ^llajJl oil* <iLkj ^ ^1 (_3*>b^Vl ^ j*-P ^JL p* 

JLlC ^Jl Ov.J C 43 j-fljtll (_£ jllaJl OJbJl 4-oJip 4« «tJl 4 j>-j 1 Ob 
y 4jLb jj jil t _ - - ^•li j| . L$J JjJ ^iJl t , j1 c^k I y^- 

,^j->- jJl (w ■ Mflull I c^J,liJl j-\ j2i\ t, ^«Il jjb < ^r A b«Sl 

d?Lclj tLg-*»jaJ 4j j jladl J j_^Vl tJi^r 4_!l>- lit L»jJ 

.ilLjb ^J.^3 - * vaxll ^l]l 

4j jJlx.ll 4^^aJl 4ola»ll ^77) L*JLlp . oljL>tlo--ll ^1 4_Jlj ^JaJLl! 
tCT^Ljbjdl O-^lS ^J j^- ^flJl ilL^I 43 ^Aatl>! 

^ j-* JjLtjj clt> >t>^ jj>-U L^j! ^ Ol Lu^j: 





ilUj-b Jl 
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J J>U y , ! ( tiWJ] i_. y V' LjCc 

■ 0^ — ^ J/ i_J&-tjy}! i y» Jjj*mzJ! fj^lr- La>- Vj c(ijyi) i^jLSU jJi jj 
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OliVI : j^UJl 



l)I ^ Ijj^ Ui-^l ^jA AjLj-Jl 

4j jJUJl 4 JxjJ| UJa*Jl 1 ^ ^ — * cUUJl ji-PJLjj S j^S" 0 L* Jjjt3 . Uajl 

.i— j 15" ^JL Lfr.^-'i C^o— JJ J-ojJj OjOW^ JjSsj L* JjP J tA3jiJki 
^ip ^JLIIj J.U~H ^j- 4 JUU Jj U-UP C^wXj>- JlijVl iJUb ul 
|*_>«jUj .-U^LJl ^J £> 4-1P f-lil ^ g^Jl 0} . A^jUI 

Jiil . frl j^Jl cjIjI^i^VI ialiJV ^^JU* Ljjw? 

. ilU^S/l J* 4j jJL*Jl 2LSU)I UJajJl JjJjCj oJbJ-i-l SjJjlSI oJla Ofrl>- 

.olJ-l jLj ^ J»>W> ^lp jjl Uol (Jj ^3^- 

cji^l ^ JliliJU^-Pb 4-JaP ^JIJ^I 

Uj-aJ-Ij .4u^uLJ| ^Ip Ujjp c^I Jj 

4Uli£-l ^.iJijJl ^llaP Ojj^- UJLP toUJjJl fr jJlJ J*>U- ^ 
.LjjJ Ol-i-^Jlj aS ^ lail ^llaP ^-w±J 

.u^iaIi jiVi - oiVi jJiw ^ OVI 



tOiSfl j^p I t J^lUU ctJUj jia ^jUj <ji^U Jj>ot 

j^Sfl lLL) ^ 0*>lill ^jcw^JI oUAJlj 

cULpUjJI OiVl -^4 ^ j^> Ljb .<^>«_aJ^I Jj>-U l i.^P 
4~oJiL*Jl ^UVl w\->o c^l^Jlj dfr jJU,U ^LS^yi ^lajuj ^jA 

^i!l c Axij-iil — cjLj JjJl ^SL ^ JULl US' — jdJl ^ 





ALL~b \\ 
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. aaL^- sLV ^j* L^a* J5" ij* <LIjMjJ| Oi"^J 
ilLja ^ ili^-tj o^-* ol^b Li jt>>»j j JLS <» J^-t 

sAa fl^Vj •*& Cj^ y jt c'LlJj Lilt A^-t j 

■ W>' U>-loJt OiV' J**I tUUtall fl<il 

01 SjLx s it jJjf *UU-ljJl Lot i ^ SajJjJI flj^-Vl Oj 

^ oJl*> Ajljj 2 .j9,j9*^A\ i ". .^»li L*5LLl y , iJ 




.JSUdJLJj jy J-0 ji VL* 
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cjLL^J ^JLp cj! jjcjJl jU i3j >« sj LowLlp IJLa 

(J>1 aO^j L **■ J U ^ ; i „^nJl ( J-*o jj A«..,/g*II 



* . 0 * * * 

.Ip jL^J Jl C LlQ? J 1 tUI J-S^l ^JJl C^LajJl 

jjill ^ Ll**4j Ot.^-* 1 j$\ j j „^rl 

4-w^tJjLll 0 ^ « ,4 j (J liJ? ^Lp y^~ ^llt 0 



*1 j>^J ^^A-^it 0^3 (\jb ^ yAj LiJLP . ^^L^JL £• j Li\ ^Lj.i.fc>^LJ 1 ^jA 

o ^Jl oJjfc 01 ji tOVl . Aj J lif ^^J-P ((^JLJl)) j 

OJLiil aJ Li Jff Jj: caJL*1j aLsULlSL . 0 j* tL L p 4^ y*+j2A 

j%^\ ^LJLc. iJijb . A.^iJ ol^VL <JU-b ^Ljjl bw»M> tA^jLl 

oJla OL® tOJ— ^ j-5j bJ-LP . L_ol bLc ^L>-jj L* — 

J-j: : ol Jj>>Vl ^ aj^LipV^ a^^ u liLI <^S\ jS\ 

ojLil JL-jI cc^L^lpSH a j ^ xjjl Jjljjjl ^ 

.^LijJl 4 :: ^C 

jj J j^r j-! a^L~>- jtsl aIaj*^ tLi>-b ^ aIS" ^U aJl iJjfc 3 j^rj 
oJLa 0L$ c L-*^>l j J-X L« JLlp . 4^JLpVt ^J-P (o ^ J L - ^ ^ } j ^ **- < 4 )l^ 
. 0 jjj- 4 tf-LijJl c-^*Ail jjJ 

o jowaJl oli*Al^ VI iil j^l ^ Lj5o: Lf c^UaJl a^L-^»- y* iJjb Jjjj 

* t e » * 

L-i o j \* OJi cOJ-^lj cJLil 131 jit a_Ls> j-i 3 lwX>- 






. j LL t cLvaaJ! ^3 Lxi s 3 j lLL l^Cx 

aJ ^ ...M. J\ J t ^ cA^^jVt Ayj^l^-I ^ f 4 ^ A ^ ^ LJL^jf 01 
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eJbJL>- liLjpl jjtib . Lg j <Lj 5L>- V ^Jl c oLjajiJl 

aIS" I jjb ^ J> g cL>Lc Ll)15I 0 L 4 ^ j t JdL^Sflj ^IpSH 

. 1 d Jl^J aOLjL>* 4 J ^sZ^>» Jjo ^LjajaJl QLtP 01 . OLJJJIj j jjcJlJl 

OiSfl < j-* j >~ I £j^>r ^1-P ^r 4 Lgj i]jJU ^iJl tAi ^iaJl OJ 

o&jJj? ol ji$ Ou>*yu i]Ljt> .<jyijL*Jl J^ai* tlOaO aJj>-IjJ1 

tL-ii ji jt cLfj ^ j 

jLj L'^Ui-l frLijl ct *jliVl ojj* 

aIS" £^jL**lJlj cA-jw? jJi (^jJl c^Lli-Jl Ol 

Q j fcK+/9 «. /2 P L fc iJ L .. L ^P I a 5" ^».^V«^tOl ^ . L^ Pl C»J «, i^J W | 

(jyjl iJ j^xi) fro^..,^,,*.!! ^jjrjtJ aJjLL <LjUO oljJji-lj SJLuaJU 

loljl Lu^pI lS j^>J <jl Llj^jTj . Or>*^lj jL~Jlj iJjL^Vlj ^JLpVi ci! 
^$nJj oL^Ij ylaJJ 01 j ji 0 ^ ( J5" ^ O^Ljaxll oJLfc . a ; 

.(^^Ijl^l L^i-JuL 4JLaI» O^CaaJI aJLgJ AJjbJlil 

.OJJJu ^>ju 01 0j^ ^j>- j-^1 4 JU 2 LlupI .£] 

cLgJ a 5" J^til OQA >ja.»Jl J JyOl (jy aJUaJl A^L^V- J*>-1 Or 4 ^ 

. A^tja^gll oJL* ^1,1 ^la-Jl ^ ja.z<~j LoJ-j ^L/>U j oJOOj i] ^>- 

,0JL^1j 0 ! j£- c^Jlj t JL^l j 0l5L* ^1 p oJL-^p ^1 

^1p 0 UzO.4 iJU*p o^aj ?aj ^>«J l a J l* tLjl ^5 o J j>- ^ jJl L* 
OJJjJ ^ AjOLi a S' j£*-\ oJjfc 01 . ^ j>*sj oJLxlj 015" l *> : . * co-b>“lj AJajij 

t ~ j*n\ . >?•■ ll ojl>-1j J5" 01 .i^jL^jj V oJLajl<» Lg-L^J cL^j jJLJ 

^ oLw^fcil 01 , ^ 1 jjl cjL5" j ct>Q.L *«p ^ ^ jJIajJI 
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JlVV' J-dill 




j <. <LJLJl Ojib .ii L^-A p lM *jyJl ^ij^LJslp j&*j 
oJLft j . ^la^o 0^ ^^Sv-C, f 1JL& 0) LoJUj ii L^J 

*^lp Lij^w 0^ ^SvJv tlla>- V^ 

J^-jJi tJyJLj 4uJj^ljJi JiV' aJL-s? j_gji] * aJL^ — 




iiLU-b 4^-0— 
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jJLb Lgj IjJLjuL jl jL. JL! ^ill <j ^iaJl jj-oj . 4 1 4,^1) liilij 

OSf » 4AJ>»-4» ^JjtJ 1-b^lJ jl , 

.jljJj 4 > l_v2J LJa^ J^S*t oL^i" . Lj Jl! la « *t?Il 



^aJL* > ;.»> tfjis £- LsAj L* d^Lp jljjJl li-fej 

jLiiJlj jr 4 *^ij-^. ^ j->wall 

J tbo ^1 J Jj>*5sjl ^ IjdS" Uw^jjJl ^ L-3 j^-J L*Jjp 

j j j-« 4 la at ^JJLaJI ^Lp l £ boVl d^lj-Lill J^-ta 

.Aj->-ljJl j^Sfl * y>r jil ^1 bo Jjluj c d*3^Jl 

j j LJu. j *V I I jjb jli jJJjJ ^jA t_jj_>-I 

J* C-JjJl 55" ^>- . jj^jJI C-Jj ^ ^15" ^ip J^>j>sJl 4_~s<2S" 

^Lp i) I ju lJj ^^-jJI jli c J ^>jxJl J _poj ^l^Jl 

y^~ |V*j 4— £ . b» ^j\3 jiaJLoJJ jL»jJl . 1 ^ 7 - 4->t^liilj . 

b^J ^>tij V jr^J **i3 j>*b bil bpLo jb r * J 4 bil ^ 5 j ^jl J LII 
. bpLo «JLa 3 . jbll J> ^Lp j ^-^*-*- 4 ^ cAj^I^ 

4 — 3 4^^«-Xj b> I LlpLo i . L ^pl JUaJ A-l^s_^ipJsl o*A^ Oj 

otp) JL^-lj ol 4 l (J* bup! ^JaJcii . bupt ojbja-P ob^Jbil j j£~ 

— * * 

151 . 4 JU^ <j i> l3 b>i jl JjL>o 1^:.^ ^(jji^bl (J>i 

oLj?LiijV! obfc ji 4 i — '$ j^>\ j^ 

Jbrj ^ yo .(Nystagmus) jbLlil ^AjSzj 4 AJa^J l 

(5* * . 

^vbll iJUfc jr^ j^£>*-J b 4 1 jaj I 



. oiLxJl SjLaJI 4 * « «w > jt-gJ jb#jj 



JJI 





237 



jbVl : jAUJl 



J ^ jJl ^ SjjlgJl oL«J jl 

4_Ju& jl* a ^ ^_c. ^LS jl3 jl^JI j^^j t JLJi ^lill ^^jl ^a 3 4jaJi^ 
i| jL*i lJUb jl .dLo 4jljl 4jL*jiJl 

c^jJ) J,} ^}LgJl ^ 4J^ J^JJ .^---jliSfl ^ 

^ 4-^jL Jbi- . 4Jlj jIjJlII IjlJ dJ-j j>o fji tdUJjj 
jiajlj C^ijLjl 4 JLJJI ^ ^1 jLJbJil) 41LP C^jIj l£ jil £ 

V 41LP jl <— i 2 : ^i ;va l\ i_^L>«-^JVl ^j^l jpl (J*^^ 4-Jl 

,^*S"1jl* dL^L c jLJbwijj jVl> 

j ij> jii\ *JL>J £. ii jdll U^ijjli jl ld>Lc 

cJai j-4 (Trout) j j-^Jd i3L~«l 5 cJjL>- lit lJt$J $l£ ^V l 

^J5" l j*j LS . 4Jl^-l.»tjl jJL^Sf IaL^ j^^j L* ULp 1 c^tj Lc,^3 

t JjJ^-l JaJb 41 . <4 ^ JaJ ^il j ^JLJl 

Lo-1j 4 ^1p J d-^>- c^Ul ^ S^Lpj 

oljLJ oL*lj^ iJJall ^ ^5\*Sfl o-jfc> j L* LiLp ,oj j^all 

lJlU- iiLo-^^G J-JaiSfl 

cJa® jil j jJLJlj .^JaiLoJl jl>«-iVl jl C j vail 

oLLl 45" jLi 4 ] ^.c-J 4 JI 4jjJ cl£ V l liLo-^Sfl 

* 

, Lj ^jL 4-^j £ 1-^J 



^Ip J^-l j hs^ Si jjL ^ 4 4. o*>\ ; a:.^» oLJaP JL^- 

il^^LfcAT.dl 0 t-Lft . Lj-4llaPj ^Ltt^Sfl -^i^T 5 ^*■*‘^*1 lJ 

■ (jbk* 1 Aj Lfl. ^ y l Ji*+a fjp- Js 
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3 / J -Uiil .(Neuromast) A^wajJl j-JaP o 

A-JLj tjjb A^^aull jb?P jl .AJ ^ (_s^ i^' 

J j>- till UJLlp , aL>- 1^ 4 . . ...a p oW^Xi*I £<* cdjotv? ^JLj o ^ 

JjljjJl ^i>0 ^.iJJbj ^ji 4jlj C aS\4u.^*)I 

jbg.A-1 lbjt» tliJif ^ $ j^- jil ^UaJlS" L*L? > t— . s ^a » 1 S 4 j jt . t ll 
. LgJ y>- till aS' y>^j L~J>- 4$v ^ H ^_k*j J c^L«jJl J,l OjLil 
uj tc-Lll ^ Jj oL4Lj jl IJjJL^- ^ jJJl i]Lo-^ij i)L^/>LJ 



^lil 1 4*jb* oLjl 4jb jjcJU) j! Ljajl l ^ ;^C ^ y^\ 

LS" j>- L» jup i j^S" LaLlaJ L^Ji>tL^i Jul! . bg-JL>- 4^**^ As>-b^ ^ja ^hj 
J-oJ J^-j <J^pt ll>*_3 UJUP 4 jI LlJjj cLj ylaj Q^J £-« Ll^Ij 



J Li bJL^SMj (j^j £-* jl5" jJ .c-^-i lAjb 4 j( Jj ^ 

oljJb jjJU V Lp jj j^Sfl ^*5b& j >“ I Lp jj 



. b«-UP jl jjJb b yui« Uf Li caJI J 4iU?J jup 

LfSl ^Lp ^LwajJl ^JjJl c-Ljaplj c2JL>-IjJ| LloV o ^laj lil 
^ jj OLjL L>jb^L^3 m ^a>rS, *» ? cjli tiJjbJL* 

4j L>1 l» <■_ j IS" j^Zu Ujb j t j jbrli f.ljjl 4jl^ 

.LiaJa>*j JJjJl ^../3j Ljb ?2 Jj>-1jJ| jiSft ^1 c4*^,ra^ll ^JL*il j-JaP 

o»li 4 jtjlaJ\ oljU>r r.^ll \ s J aju > d c-^aJ^ til 

^ , 
Lj jJL L <LL^j j ^JL» 500 j->" ^j-ki 1 " J>lp Ojlijii^ (^1 

.S^wiP ^iJLP oLbaP L$jjJ OLS" Ail ^Ip JjJ A^jbJ-l L^_Pjj^ ^ 

^ol5 jJL>til oJlgJ AJb^ljJl OiSfl ^ l/ 5 ^ ciaJ-t ^ 
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jiyyi : ^UJ! J-fliJl 



bjjJ j g Iflj j . j jJC4 JJ Atflalll uJUj ^ JijL>- OSf 

tii-lj ^j-4 oLiJ 4^Li-ljJl liiil o\ Lil : jj jL^- Jj>-1 ^ < 5 . 1 

l«-X-w* j L w^ \ju L^fc I ^ ^ c l.* «i ^ xJ l 

4jLfe jJ tLjipVl j 4 ^> 01 tLitpl ^50 ^ LfJflj oLjlj 

lJ ?j Jj ^L*j -lS 

. l£ ^>-S fl ^ 

^2.ya.>Jkl tj^-li Cf^ L^ aJU-1jJ| Oi*>0 JJ 

c-^LsJL^ <-iI^ . c_ ^^ 3 Ij JL^-I 1 a - 1 « *^ 13 

.4jilL» j^Pj JxumuI 4Jl>-Ij Oil c oLj L*^ jJl5" J5l AJljj 

wU Jjv* ^ jj ( JLp c . I >/a >- w\j oLjJLiil Oj^LjnJ of Jl l j-o3 
. ^ ^ LmmOI ^^ Jl { l , - j - ll ^Jp Ajbxjij ^*^ 1 ^ » ^ 

yiJl i]jjj lliV ^^jl— -sJl ^>wjJ CjI J-L3 0 *^\j LjjJ 0 J 
cii o! jjLaJl 43 j ^jtil jVl iiLo-^Vl . ■sLsuJ 

L^jjJ ^Jl t(Hagfish) Olla-jJl a\^>j L* J cAilyJl a^Lo^JIS* 
Ijo-I j , li ]^ul <_£ cc 5 ^r*“Sfl j*-> . lalj oJL> 0 j olii 

C^l jJL3 CJ^\j L^jjJ cC^bjl-iLaJi ^4 LAj^P j cAjIJL*- JS^Sfl iiLo-^Vl ^ 

, Uii* 

% 

iJljJl i]Lo-^Vl ^jcJj ^j5sjr jIj I 4 J Ljil j! blj Jll! 

LJil ^ f <w> > /a»J l 0 ^ t /JJb {j * j 

OJJi ^tjjU aJ 

V a_v^L>> cjLo-^ L^J t aj L^A i.1 ^■o-.-.i cc-^UapS/I oJla 0 j 
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— & j; * ■ J S P / ^ jjmJl* -LipLt// Jf* i-j/jj iLai' 

^L» yX* i/U^X ^ L«wUp <J ’JJ* ~ 

. dLi/^pJj' ^nJt/ C<y j^ 



4 -JL > iJLjJ Jj Ij J i.rtP-t ^ Lfci jl ^*^JT 

aJL* £_J? CjI y^\ ^ 4JLJL-J S-L?-lj 0 j*J* 

<■ <rt ^ oJLjJI -wiP ^.i j LJ ^ C^-jLj ol^b ot j ..^utl 

b^bM 0-L* si-^>«4 JJ j .iibo^Vl 

Lflj jJ ^-J oUl ^ Jajb Lfej_L>-j Jlij j*~\ oli jfc£ ^ 
bfe j j, JlaJ f ^*j 5*3 j c-^U \ , Ji L^jl Lc|j t Uf bJ j> *Uap 
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ObVI : jAUJ I 



Oil V t^oJl tjj^Li-l jJ ** <*'l ^ oUiJl (f oJi * J lS* oli jli£ ^ 

cJU 4 j pUJl oJla Jil .4-o^t-o^r (j^j Vj tj>pt Vj c^J 

LljUaPl ^g-IaJ ol ^>- Jp L^jjJlt jj ^ jiJ j co^^pr- j-* 

(^oJ © jib C-jU^I bb .UJ* cbJLpr ^ Jj>ww* <UT Iju* ol 
* „ 

^ 4*1>-IjJI oiV' oli c(Pax2) 2 U*r jl ijUJl 

CO^S/I 4 Q \z k.A * Xs > 2 L-^i^ Ol , 

OiSfl jjJaj ( j£‘ Jjj-^il ^^“1 ^UUl ij+ *)UJUl>* *)lpljaj lJ-j 4Jl 

4j1 0^«-Luj UlJb jtS** I oLjl ^p- ^ l/^“I lO-fc ^p- Li>o bb ,*Ll>-|JlJl 

^OjJl j Qjp ^ b^pr j-* oO>*-L^ Ul j^ill { j^j c^t ^ ^ Ja-U> 

frlilj ^Uo^VI s-Uaplj t jIjOJL jJlJLj (jj}\ tJuJl ol . Uajl 

. iljLLj* £«jjIj ^1 p lUbj I a 5 oLpr LgJ cJtJU*>»Vl ^ 



Ob^lj 0 j-jJI J pxJl 

LSjLw ©ULUS"I (jjJl c6 l^^I £-* <JUl US' L*L£ 
c£ jjjbl lj jJl C^“l j-* OyiVl ^ 2 (j-^SL ob cOjULj U^p 

2 l^^“I uv iJLfc jl c4JLa>jJJ j^ill .ULJl j j la ill 

.Ia>- ^oi £*jjU ob^jUu UlS* Lc.j Oy^lj Oifyl ol t6 

dfcXA , l ***,^ 0 ^^1 ^ ^ ll ^^*-*Jl ^|«^*JLj l-Lto^ 

C-. *;»** > LJ|j^-*^1 

j^Vl o-U Lb** . Up ^jjUi ^dr* jV ^ pJl JjOjJ ^1 ^jl 





JJL>-b 4^ II 
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(_£ Qj^J ^g jp' j£+Hj 4 I? > . *> ) ySU ^P O^l—P 

;AJ jJL Si ^* jSLi C ( J-A-La ^J^JLj Li^x! 4^jLtwA ~L~jL| £ ' 

, bjJ o LS^ 4 . . . /? C - 1 ~ - ^*1 j i 

cjLJlJ JLid :2 jl t6 4 j^"Lj oLl^ ^>yjl JoLii (^jJ ^ 

L ^ > A . </3 il ^ . C— »> l » « jj 0«-i-A jl 

— £3 yJ LoS 6 (j^Vl J^-JL) (^JLSl I yk\ t^C, 

lT^J 6 (_r^^ (/a*!- 1>* S-S^. y W </*' 4tL-jL^i]l ^ Jj 

2 jj-jTLj 6 c^L^r ^jA <JtUj j~Lj I jj*> jl ^1 .2 

,<J!*>ljl y^-\ (j£*iJ 03^>-^Ll 

|Jl>-lj Jii cLiblj LljpL ^ill t 4y^J jil oti^-l jl 

jl ISL*j t u Lc.j . jj>«Jl JjJLlSS* 4^jIjJ| c*>l5^i>«il ^ 

^ Uly frL^l ^ ti JpLJ c jyJl j jiVl 4 j:jlSJI aJLJI 

J5" o^V jJl oU jJJ ;>jp :^b^l oJu obLp 

<J|JU oli jJL>tjr. aju^xJI l ^l^xJl L^JLS" oJIaj . jiVlj ^jyJl 

,^^Ul ^>*Jl 





j-JLp aJ' 



\jjb 






^jA oL^LoJlll ^ f ^ A^CplS^Vl ^ L)j 



lJ^*i 11 ^ cj p_ jJaJ LaXiP tocaLLl ^jI^jl^ J*}L>- c^vaJJ j ji!l 
JyQjJl ^ 0 jlj^l IXjU i] JJJ OX» ^ ^uJaJ l 0)jllU y*Sn 

t , * 

L O^"' .XL^*1 j[I ilj*ll jjauS >- ^ ) j^\jj IpLlajI 



Jl*j j . 0)jUl J y>~ La Aj^nx 4*vljJ (»JlLJ ^OXtla £^j-— -»! 



* 

0 jXjiLj 0 i%JlI oir ( 3 ^* oli cXlS" La LJLp ^Jl ©jxil 

, ^ t 5* X , . 

j-a jl 0 ^ C LL^-I j . L^>- J I ^al (.iJJi (^ ^ AJ 4J2JJJ P J-X 5 ^il 



3 * ^ ll y& ^PX1*1 X^X>cJlli 0 l — { C 4 jj% 2 o (r\ y^> AjL^bS" ^Xj aJLS** 



OwLa cJ 15 " c jL>-Vl 3-* jyS' 

xJl jj.jVl o»LLc^[lj cOLL^-Vlj cl.< L2J1IL ajlJL> oLi> 

^Ip XjLskJl ^1 JiS^ j 0 jl^il oLX-iJl c_JL>- J, I cCXaLs^ fiJS jJLil 

•c/’J^' 

ol j-uL! — iJUtll S-^.ilS'V! oU-IaJI ^ — c-^” La _j 




. Jl 
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j pip — 0 ji yu . ^Julvalll J 

jl V p-ip ^-XiL* (jL~* ^ 4I0 g>J ^L. JU^j kiai£ ^ 

( j^J ^ j-^ jjp ^JLfcL) 1 4_^ jJl LjL>u mJL^ jiSl Ip j-0? 

c4*pL*i-aJI <z^> Li^ . . . * J 1j 4jL^^[ 1 Jl I^LkS^ c.L©JLp . 2 y^~i Ljf 



of V ((cilJL>» ^^p)) w> y ol ^ ^ jc£ olJ-iij 
. I J^jb t-br 0^ jjut^ ^ I jjl5" jt jl oVI ^jf 4 j ^>t-^Jl 
^-*1 »X>-I 0 ^taL>*Jj IjjLS* |» 4 tC-3^Jl ijJJi ^3 j^l ^ 

^j-o^o *U^J toUJ-l 4 jL^J J-bj V *LSj tL^Sfl j*lp ^ p-JbLill 
jf c oLwwjj — 4jiil>*JJ OOli ^ij>tL.«JJ IhjjIjJ-* <J y*0\ ^3 

y jiaj ^1 OJJi LolS JjL! .y>-\ c-^-^ c£l £-* f, ^ a ^ C^l jl C ®^J^ £* 

o ^ ~l <J^I ^^p «Aj*A^“^ c L*j L^ o I ^u^b*j LJ ** i l*>* L jjgj 

* # 

jUsil £_p J J-Xj^M cT'Jjii £r*^' (H^J c ^jj^' 

L^Lwl j^ji 4-£*3LiL^ ^JJl j *$ flit ol .^iL*Jl ^ \y jJLij^n oL»jj^i 

iilj >0 > *> C 4^0m^j3j L*Ojp^ |0_A < u lp ^_C*-LI1 C ^JdJLowli 

.LL>-I^ ^JiJ ^Jl cL>jji^Jlj tolJbJJlj tiJLw'Vl 

fjLj — 4jcJaJl ^jOl ji ^P UL>- 4^ *Ia*Sl illl iJjb Ol 



C 0 J^S" jLxif Oli? ;4Ja,.^ Jl oLiloJl ■r* Jf ^ J 

clJJLzj .^jjl Jl*if jl c^ j^Jl ^0^*4 

of Ij 4 -oj>- LJ ^Ss-C La. : a>- l-X>-lj (J jjli ^Lil ol jJl 

,4j l ;^la^4 ol ^1 ^ 1 0-A> ol .<JLp 

coUl>tJ^Il ^Jlp J> 4jjtii J^J 4jl Jb 4 J ai tOJJi ^Pj 
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4lff \1± 



LS^ ((t (^ J^" M ^1 

.till ( _^c» yi\ 4?rj 

J5" jAJj5"j c jL^r j-5 jljjl aJ jJjL^- ^Jb 4li jP jl 

^jA A-JLdlJl jJ*j Jj . j,Jjl^>* ^Jb L^jlj ^ 4 jl (> jfc la 

cJaj L$plj*>-I |^-ij Li ^lll t<j jlaJl jl c^ L*Ul ^V' Jb jai j cdJJi 

143.5 j-efl 4at_ja .LuLi Ijjb J Jjliil (Jlj *V C j*Vl 

4jL*o^aJl o jjb jl .4 j^j S fl 4 -jIj jJl CjL« jJLxil ( jiaJL> t*£»J 

U JL^OJ t4jl j jU 4 j^*J~I djLJVl ^2>- J-*aj 4 -Sj ^I flj 0 Jj Vl «5JL^- 

. Jjtij 4 jL jiaJb J-^Lii V ^Jl cLjC^-JlS" oLjLS" ^1p i $ iLJai) 

’aJL^>7 _y^ .4j^3 j u. j ^ jLaJI IJla jl 

Lil .4 ^jIjjJ| LjIjI oLa^lx-a P jl LjLjI ^Jp jjJjL*> 4 jjJLS" 

jljAa*j> ■ L.^.g.1 Lilia* Q«»J c^jlj ^*1 

jJL>cJl Ja-ojJl IJla jl . jjLJlj.5 .Lo^jIjI ^ja (S'i'XxA 

LJI^aLj jl ^I>* clJL>- JL>- j%-^ iJlAj . L^J ^Jj>*j O^AjJbtJl 

.^.. 3l J^i\ ^ja ^ oLp Jl>-L ilJljJl jl 

•cM U* t **j* (J <-** 

* <fi ( 

^ ^aa^i J5" jyj ClIJLj 4jI j-SJl J->- I ik^o L> jJ? cJaPlj 

Cj^-^J-4 JLaijSflj jjll>* j-oP' f,Ljl ^AJ jl jJL^X ^_‘a ^ .43 jJl!I 

V((jJliJt jJr' ; jP)) I jjjjJl c jjj jjj ^Uplj 
^4*>- jJ 4 JV 4j>“L>«j ^>0 C JjL-olt (JlA ^jP 4jbr^l Jk>-I ^jA 
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.2L> jUil LJLjIp o y>^ aj^ jLjj>- V aL> LlJaajj ^ jiJ 

^3 Ayi^S* A3 j-*-^ OJ . ^>- ^ ^LiL 

jJL>*l]l oSf $^>“j-S ^tJjLJl j*-j-i3 ^*L0 ^>1 JjJjlJI £-a v_. ■> ^..: U 

. A*> ^ » L^sj: L-JC4 Ljlx 5 Jj i]jO 01 /^X£ Jj JjtlJl 

S» ^ . P 

^ Oir^r j-$il jLg-^iu V 01^l>- jL?r jj tL^l^il VLt* *i^>-LJ 
Ll^Ua-* \Ju\ All ap! tAJL^ o yii? ^ jJj L^LjI JbO .JliL>l Lo^j jJj 
Aflj I J j^- . a!s> jia^- ol j-«l t^j->Vl 1 *La ^\So . aJ 

ji ^^Uall uP-iVl OJ^Ii Lju-^ cAjLjV ^iUaJl 

L$ 0 jJil? aJ 4 1^ ^ pL^SH t*)lyb JL^l Ol j^S>\ tO^H . j\ A .,^3ill 



chilli J*J--I o J ilall oJlA jyC L»Jjp ,Aj ^ 0j\*5" f*Ai aJ 

^Jjj c^yLv^ aJ ^<>j>-I t^JaJ \ ;a1l< jLii*Vl 

c JlilsVl JL^l 01 Ju L )r > r <^1 £-jL> t>Aj y> ij±S 

L»JLlp . Jjl£- !(_£ ^-1 o AjjJ cQ^JL^ V' ^jjJli-l iLi>-l 

l^ ^ jJlI 0^3 t^l,LJl ® ytJaJl OwAjb j ^j? 

ji yA*?-Sn ^I^ILlII ouVl j tA^oij JUt^fcil J,Lflj jJl yvJiJl 
(Bozo) Jjyl (_T* • J L **»..) L*t-\JLP^ » ■**« A ) Aj^I .1 0^-*^Jl ^kXAJl ^ t A mmJSj 
^j^JLv^Sfl ^jJ^I ^Li>-I J^>-( j J5" j»JL».r«~7 



* 

JjJjiJI ^,Jl jJL^i]I (jt .IJL?^ A* La dl? a \ Jliil I Jufc Jj 



La^jl>xJ jl Ll^s-Cj c^ o j > *-*£< jl cSJjLp o 01 l ^5o: 

ap J^J iu aJLp jAiJl LiSn-C Ia^5 y L^J 01 . ol a*,^lL> 
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‘U¥>r y&tl ilSU' 



1 " - l^X ~±> Jj j\$Vl t> mzII 0 ll)l ^»,JLSI t j- 4 4Jb>-ljJL* 

0| . 0 1^-*1p yCj <Lj\S' y**£: 

2 j ja tZJjjJ- Ji oUa-V' ^Ua-i ^ ((JiLl^Sl j^ll)) 4P 

015" J jiil iJlfc .c-OtJ 2J ^ ^Jj j 4 ^L*sl ^Jlj( AjjJ jlS" 






iiJUO-b 
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A*f ^S\j ^ br* ^jj'5Jl t &S* ys±£- 

^jJULJl cb&ioVl jj^-jjJl y* $ y&\ I JUfci Lu Jiij ,j\i*,a]\ 15 o->Sfl VI 

. b7?r>- ^$il5" Jl>- AjL JaS I j J_j jl 

ctiJl^iL 01 jJj>tiil c-^oll y* Ja-ojJl \jj* 01 

.Ljjlp <^l iij^l ot 0j^ (O^r I <1 jL^ o jt-^ y 01 aJ 
ajj 5 ot c5 _/ <-* Aiii£- Jl^l ajlL <i ^p oJLjJl! 015" I5lj 
*Vj^ ^y» (J, jj L^yAJ . Jii-s^ j5 OLlt jr J-^ 4 J^ 

(►(_£ ^►•t AP^o*^ *-i->tl^ 4P oO_fe . Aj jA C^LSj^j jA-i 

tjUj j3\ jjcOjI — oL^Ol ot jA Lla ^Liiilj .<jJL«l^Jl (0y^ vT^I 
^Js- O* ycJl 0Jb5j? — AJ^il o^JxJl ^JliJlj cjy L s^ J l j5 oljVIj 

^ jt tAiJL^tll oIp j^>il ^^Ip dJULk ^ Lljil oJlaj .oIp 

■ iOi^ ^-$-^1 Or - o*5j& 

C 4 >;> jO ol j-fliiil — 4>fl blj-C. ^JjIaJI iJjwJl lJUb JjLoO 

^5s_c t .*J oJjdJ 0^5o l_0 j-»j — Lg-J y* y ^Jl t aj wL^ji-1 oljJcJl j 

JjJLjcJI M^jJl ^ jJl>*l)l 015" 151 j . A-J>- oIx^^mJ 0-b Jj£ 
,^-LjVI L^-5 " y ^ jj LgJ LT&Ip Oli tJ^s-JJl li*gj 
o ^Lj l? !p UjlpLJ 01 jSCj: 1*jI Jl 4j^J AjtO*-^“l O-Lfc^ 
<^L*jSn jLt^» iS y ^ cc-..^>«i a^lJO oUL-Jl aJjIaJI 

j^Si — jjfc U5" — ^il jjl 0} .LJl^- 2 uJIaJI oJjJjJI 

ot j5o^ai:U]l c-Oj o^IpI Ol . I ^L- 5 . aj 

cO 15" 151 j\ c L* aIjLp ^ oJUUp ol jA oL^Jl oLlu 151 c 15 Li 0^5 sj 
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aJS" IJLa ^| -^3 



cOlS* lil jl c Sj^L^ c.. > >*0 ^iJl 4 c^LlJO j 4^-^Jl ^ju aj*>LiJI 

c * I j I I <lj 1 joltJ 4j>tlxh 5^ d^L*io^ 4 \ j ^ ^^L^l l$J 

laS jl *^ys aJtJO jL>-Vl OJ .c£ 4—^1 »— i j^^iSl 
4 oIwL-4aiJ| 0 jjb <>- j ^ <olp dJUJL^- j^Ss-C C^*}LjlxlJl £4 L- w* * mi ! | ^ 

. Lj JL Ajjj-ilj ojLiJ ^j4 £t*>waJl A^i^alS" 

L^rjj 4-— J cJu^Ij J-A ? Ll^O jjjl 5 

viUi j-Lj ?Oy.j-i Jl {j* jr jj Jji uiiye J-*j ?jpL>r 

t , * * * . 

us^uon (*' 4 ti ^Jl^5>l j j^Jt jlp ^zjj J-a . Ljbj LLLipI I y»l 

^ill 4^JjJl JjJ ^Jl JLic ^j-u-J of ?JjSfl p liL*j 

jl ^Lp ^ « 4 £^^-1 01 jj Li j 4 az^ jLL* 3^8 La j-o-^ ^Lj 

'•** (/ ^ jj-w ^ ^ ^ <j ^ 2 ^‘ Ji - xi£ - 

' «■*« ' J-^sJfc Jd£~* iaXJlaJI <Zj\j^>^\ JjJ Jl Jnc ( • . . - i 0 15" 4)1 
^ yfo c JJ«A II ^-Laj 4)1 Li p ■ - >- j> r. . ^3 c y * ^ l-L) jjli 
SU-I f- 1 jii JU tobJlSjJ UljJup L*J j Jj O^^J Of ^j-i *Vjj . AjL3.5 
£4 4-^aj iTjL*Jl ^3 jj laJ jl iLip 4 4^?jVl i l5 1p Lj-*^o>- 

J^-Jl 4^jT y jl c^il^Jl ^ •c^r Lbi y ^jS\ 4 cj^JL*iJ 1 
.Ljajt ui jJiS' ^ft 4 _^j>o aI5" ^>»jJ 

Lq 3^ L*li .AluJl Jl ci^Lulg ^ 3 jujl>- c^liLj^l 01 c_-^>o j 

Oj^i 4 aJjL*J1 0 ^3 (^JL>o AjjLLi J^jJl Cj^“ LI 

,^ 4 jJl ^ aJ LjI yk \^S y oU-l ^ 4 -ljljijl 0 

oli jJL>0,Ij LdU? 4— o^LpI cL>-Vl c-LoJ-P Jlju A3 ^aL 
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^lll c jl f^\ 2> j^Lti Ol (j- 4 LJ Jj V C(„5 _^“Sn 

.t^llSsJl lilA ^y« JjS/l ^ LfcljjJ 



jl J-J“l AiJL^- ^ ( Jj^l) a!^*j 



^ Jj>tl1 ^> I j . LLL* L! j LL" LI j_L_p 4^^ Jl o wLgj i L*L~jL ol 

& & & * 

L»Lc>-l 1 - * ^**1 y jl ^lp! ^j\ clJj>r <j^L>- ^ixC.((^JIjJLp)) iJ5" La 
^>-S fl oLI j Lip VI Cv^t Jb*-Sfl £-* JLSIjJL <L5I j-JLp c.«.**L 

jiuH .l-JT IwLa ^^Lp ^>- jl c^Jj c jJij 

li ^Uaj iJllA . JjlOj V l£ ^ r*“lj Ci ^\jA\ L>C4 iljwo oliljJ-l 

^JjJ tO^-lj ^Ijj coLpj tOLil Lais .jllxJl <Lij 4 j iJjLLij 
^mJj .OL-tj jf J*r } i*r- (J-Jj - J^j^' u A £jjj C ^J^' 

, 1 Oaj f oljll?l LjJ 

. oLLi JLs_*il aJL LJLs^ Ij ji L y jl ^L-l aL Jj>- ^ 4jbjj jj 
4_i ^klL c.L>“Vl ^y* jy£ ^JuL^sj Ll5l*L 4 jI LjLv c^SljJl ^3 j 
aJL»I 4j*>L L>“1jJ Vjf •lOt^ j-g-il <*J*y »/? ' (j- 4 LSsJT ^lll clg-^ju 
coL^JL aJL jJs 4^Jli t_ ^ * ol lLSnjt .A-LajiJl LjjJL IjlL . ilaL" 



^Jl jjaJlj cLLlLI ^JLaJIj c ytOJlS^ c AdLaiJl 4-jOJl Lgj i]jLiL ^ill 

jJLJ *c5 j-^Sfl ^Lo»Vl ^j- 4 JjOaJI ^j,l AiL^I is ^Jlj c^jjSfl 

aajLoJI cJLSlilL A*Jj 4 j>- j I ilLft . Li ^ oLb^LJl ^^ip 0 

( f ^ ( 
(^j\I*P^ c4^J^^ 4jljj1j oLi^tLLl j O — ) Li .^Qs jvasl 
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aK lJu * ^JJL0 : jtS' J-aiJl 



c A^OaaJI A*j .jJl » A » )l ^1 p ■ t_£ ^r^* I A^LO? j 

jXj L^_J Li coli^tLuJl aaS jil y*JL L»l . A ::: i>- ^jp jl oL1>*-LJLS 
0*VI Lpo .^JfljiJl cpJLU ydt ^la-jSfl pI jjiil 01 Lo*^" a LL>0.«.^L1 fij-J? 
cQJj ^ xil IJL* Ol^** JIjj L* .LJL ji^fl oSLo-^SH j*£. j£ 

. oLa>JL*Jl £* A^iOl Uli ^ juail c— ?w?l *lOJI a^-jI a^JIS /^xJj 
c(jjljj) cJM jl?l ajujI LgJj cOL^p JLA-I Lo-^3 

“iJLtt^Sfl jJilAJ *(J^jl CU-ijlpjJl^ jJuJ Lg-^sij 

L^j J jLOjj ^Jl c^jJLSI ^ jjJIj j* All j>~\ oL-^ ^1 4iL0?^/L 

. ^Jsmll c-jjJl £~a c*jI 
% 

<U^ j jJl ^>ijJl J JLj 4 jL$ ^JLjls^lSl IJLgJ JW lij 

^jp a^j j^-l <zj lp^^->t_I I ^ lZjIp^-o->«-I 1 ^ i dj I p ^.■oj> 0 . I 

ci^L^Vl 0 } .O^r ^^gil ^ ^ 

(> 

I Lg *^ju oU^Jb b****>- oSjLisj { <LJa aJI A-jjJlj 

OL^j^Ij <, a ^J a aJI 4 -ujJlj .Laj^pj t^jyiVlj 

o^ y>r y> O cLalJ c-il ^tlj cjU j L^jJJ ( j^Jj c aJbfc 
uULls^I jisl ap OLJ^I j tAJaiJl A^JlJl JS^JuJ .ilL^Vl 

. <Lul!l jaJlH AiLO?l cL^oaJ Lljil bc^oj>- LgJlJapV 



.jl ^ LubjJ ^L*jI ^aJL^j ^ (JlL« LJ ^JlL 
4j*5L>«Jl ^ dj I p 1 JaJT {J ^S' c j ^ ll (JlL® ^ ji 3 

0 JLs*j Cj» (Oy^ (jLLlaVl 01 aJL^jJI dJl5"j cJjJjcJI 

{£ AJ (jLiJal ^4 L^-jJ 0 j5""jn_Jlo ^ pi a ^jA 4P 
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out jLii?Vl iLilaJU jJLj lJu& . joLsaII outy 

I l^Tt j ^ ^ Jfl pSH ■A^-i J-fc ^)«-A ./3j 

cOI j*^0 4 jLU->- Lmbjj l ^a > ^lii 4 cll^Lpj^-^t-Ll ^Lp AjIS 

coi>l c LS^jLio 01 ^JaJLSl c-^jJlj OL-J^I 01 ^i*j 

oLjJUlSI Oj I ^*n]l Ij-fcj . Aj 0 j-S"" jO^-j 

. JjV' ,_y> jd£L> i J jVi 

c Li>" aJjLjJI o Lla ^Jl AaO^jsJI OJ 

$Jjjl ji? I i.lawj la-ojil I Jjfci 01 . 1^_2 jI y -IsJT c 4^>- jJj^j OjLaj J 

.01 jJO <ijJL>- ^ LiAjj ^ ^ oJJO^LJLS" ^jli? 

^Jl coljl j^O LaoLL>-fj i]Lo^joVt Oy j OJOJlifxiJl oj 

«5 l h.d.L**j C,j5^ Oj^-* i o » I C A-».*aJ lOl ^^Lp 

oLI>ijl^ 4 ^lL*J V . IiajLaJ j*-p jjjlj Lg +& J^\ LgjJ . lwL>- Ju*j y I 

U : Aij ^kJl oJl^j 1 $j Jsj ,((<JlLJ 1 )) cJlJuiTI 4jf I Jbf ^pJj of Jitp 

3wj!^0LP 0 j^JL* yS" L)f LftJiJ 4 Lu<lJL>- i^A-JLlS*! 0 ^ (J LoJl > ~ 1 

^*^jr L* OJ . L* jwijc* Oj^j Jl OJ ?v S Ijjfct ^1 p 

jJsllII — Oj^ill oJl& by \ jl5^ £**<>»>- 01 j-a AjjOxiS^f 0^ 
J, f-[j J\ — iJllajJ ^ cUI j-^ojj ^ ^ l jJi\ cOLS" Oj 

c^j jJl l» g >,^ a >■ ^1 ^ 01 ^ll^-C . Ailli^ oi> j Jj 

. ^bSfl oJl& jiA i>L*>\ jS£- ^ A»JL?*t T.^> ll aJLl^ 0 | oLlilJl ^jA JjJbJl 

Oj j>-\j ^ ^ f.\j yl jt-* l/ 2 ^* 

^cjjIjj ^ 0 ?L» ^ JLp 4ji^»(j 0 JjL) 0 j^l*>> d y%*lJl OwLfc Oj Mj * p\ 
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aK iJLft ^ l*-* \ 



c-^ • 4»JLo»P < Jjj ^ a -i l$J 0 Aji .^dLU 

rj& (S (JjLa^j tL* ^Jp\ s>L AjU^^J ^iJLjli (S oi-A 

^ju oli^Jtll ^j-oJ>tJ L* Jj-P Ajli j^Sff J . ~-~ > r jJ^-j 

•u-^Vl 

. Lg 1^>«J lll^jT ^iJl c j ^ aJjI-*J| QjPyS) Oji Oj 

o j^Lwi c ^S"'! aS" j^j^a L«^2->" L> 3 tA^* OOS"' Lij 1 o ""i-A o-'Jls^J 

^a-oJO j ij* c-oJj>- LoJ bT ^i)l ^ I . ^L*Jl £>» ISL-mjI 

fL^>-l ^ lg_*^>- (_£ oLbj^lj cAjs^oS/Ij CC-^lj^Slj 
.LlAjj oloJL>- <^JiJ! *.:.^ill j%_pJj lJS L gJli toOl oJLa 
V oLa^j ^L>oIj of 0-L^JT ^j-^SsjJIj 

C^lJl O^ri A^jOiJLl olc^Jl i yA JuJjJl J^Lla 015* 01 Ajl ^1 . LaIOj 

aj j-OJ ^ jJi-Jl L)jll?| OJ-i c^Js-aJI (w^jJI LaJ-^- of V iJLo^Sf^j 

O^o ^1 coVL^I ^ o:>IpIj ajl>-I ^ ^1 ^L^>oj cc- 

, * * 

od j^>r ^JLJ olj^Vl ^ b^LP (J-Jaj ( Lja^Lp ^JJjJl 1^3 

^Jl coVLi*l . ^iLjLp o ^ oLOj^Jl ^i)l toLOall 

A^oji3 A^mJ j3 AjI ^lp C ^*.0^0 1 L _ *+)y}\ aL*L*^* ^-o*P ^6^ 

* f * * t 

. \ g >,h 3 J) jl L^JLaj 0> L»l LJjl>o Lo-^L?- I jA f J-^7 

01 — 0 OS" ^Jp ye* ^Sf —^S m ^>- I Jj>- aj ji ol ij,:^:ll OJ 

c^Jaill coOL>JL-Jlj c aSs-o^JI IcJlj-U ^j "^ALoJ . \Q/a->- LaJLju 

A^>tj OljJkl j coliil oLl* o L^ 

, ^ 

jLLjJ 01 .oIjI^aJ-I o-La a»^ jJLj j LOAil a^>- jjj>.^tj cL>ji> 
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jl*j pJU (_$ ji ^ ^pwU bjJ oL-u^fl ^1 Jl 

0 j-* 6 ^ f-LiaJlj 4*X*<I OJ-J*-^-! OV ^4dJLp 5j^l j£*j 

l- i j-^ ,^>- LJlil a-^wjJL oL-*j j-*Sn j . a-*oLM aj ^ laj 
dr 4 ® J^ l/ ^ J ^ .f OwLaLLa J* l$Jli 4-v^ jii\ Ji£> 

(J, j3 JJj ^L>*0 J jU- LftJLj cLjJ l^ill^ ^Jl C(Jw^oiI“l 0^jL>til 

.oli^jJl oJLgJ ( j^aiLw4 

LlOxX. ^JlJT . e-jllSsJl 4j Ll>kJ 131 (^JlSl ^ J-*J 01 0*iH Lu^x. 

c jLajVl j->Lp JLl* d— >L* oUi y~>- j/u 43 ^AaJI (. S' J 4-Sij JLju jl 



aJ*>LJ| 



a* 



^4jj Jj>- (Jl^Lil 






J^iC 4>-j^ i c JJjJl cO y>r +-^.3 i^JuOai pJ t JjJjJI 

jJULj: j^fl LjI j>SH 01 Jl ^ LjI A t \*j2 7 

^Jjbll^-I ^ I wl^»xJL*^ Ij c ^^4 J.JLJ 1 

^sll c l„g,.~i) JuJUxJLj ^LaJJ $0j<JxJl ^jjJl aJLJL^ L /a>ti 

J,J J jJl OVI Lu^lc. .01 jJ-l 4jL*\j>- Jb J*>^- Ljj cu*J 

jlSs->» L^j-> 01 Lu^sXj .jlljJl J y>* oJuJ<s>- £jl y* 

.LSjLuj \jjtlal^>l 0? ^j. Jail J^Lio ^x-JaJl ^lL*Jl ^ 

JUo^p <ui J ^>- j c^iUJl J^aiJl { j^ J J jVl J-s^ajjJl Ajl* L*0> jP wlaJ 

0 L* jSn jJ Lp JjL* 4 0 -LAs Lj»\j! ^Jb A^J>- Cjl3 

. >i!l,^ ^Sf' (j-* 4jiii>til ^0 caXwLaJi — 

Lu^X 4J*>LJI ^Jb la ^ ’J l_H3 jaX.O^* -L^m-4 OV^J 

4-SjJL?-j iijwJl ^ ^ jll 0^1 \ ^ j ti l ,aJ 5" oJJi 01 
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a!5* 1 0* I* : 



. 1;Lp ^luJ C-J ^3l 0L>- *-LLS 

-i£ j>"S H y>- jh ^jA ap L^L^ l 01 LjIj «Aii 

Oj>-l A— i*j j^-Vl Lg-Jajij j t j^*Jl JjJji <j-* Oj>-l A-J^j Oj^-Sfl 
,aJs>LipI 4-Jf ^ji^l J-C. O-^sJ 0 Ju&j . ijLo^Vl ,v* l5 ■ J c ^ 

oUl j-JO Lojlj 4(^ oLI j-J-I JS" ^ o^ ^>- j-4 lL* »j*f a! 

S> * t £ 

J J5" ^ L*UaJ iJliA jl ii y)i>« .Li a***jJL oJj ji (_$ j >- Vl 



^-^2 >o V JO oLwJl oLl* . Lljil dJifc 

0 LaJ i j ^ 03 1 C Ai-v^Aj la * 1 1 1 ^Aw O » Aj j ^ La 0 i ^ C A^tJj-wwJ I L-^ I <>.■ >» 1 1 

. liL>j <jry>-j-$-U (_£jJ 

^jlS oJlj ^L&! LfljL^ L^-lp LjJL^- ^iil cbljil » JjLlJ 

. a a La ; 4 Ljjl 



ot AJa*-^Jl a>-j JLp olil j.jO-1 JS" ^4 iJjLzjj 

AP^a*>«-LI oJLa . L^J^O -XjJLsi! £jA LJ ^ JL^w^- Li 

oLjA a J jJO Jj ^j-4 L^ iijLiu . A-JjiO oJUJlP 

.(jjJL^jJl Jl Vj-s ^ J j>^ Ji-^5 y* (placozoans) 
1 ^j<aJ LOL^-I o^Xj^lp oJub /jji a^p ^3 ap iJL* 



.(Olr^-J jL-oj C^lij A^3j CO y*~[y 3 tA*JuL» aO l L JL^->- A : *io 

^ill c(Bilateria) ^ Jail aJOj APj^til oJla q3 : ;.^:II ^LJLp 
( /^- 4 L l^0“l ** *'<3 * ) Cg^-? aL LoJlLI 

.^dJl Jl ol 1 

ialai^- L^J ^iJl cL*5LL| 0 JjwLp C-^LI oOjb v JL>- Jl 
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A^P AP^oJ^ ^Ljb t ^jUT^ AoJ^j 40 j>-*y * j A^wLiL* 4 liljL-* 

objlilSL) oli jl>tll o JUb jJ-^J . Aj ^ llaPj L^jJl! (£ jpA 

.Uajl ^iJLiij OjI L$jjJ c 5 y-t A-p^i ap j^sf i]L*j t (Vertebrates) 
^ill oUl c5? c(tetrapods) <— *1 ^Sfl ap^ ap oda 

. l- 31 ^L>l A*jjf LjjjJ 

JaJa^- LgJ cb^idl oJU-XP OjIjI A*P AP^- a^ 

L^jjJj jL-oj Ax^ij to AjtJuLtj cldt* (S^-^r 

0*^0 Ja-^j jit Ljajl L^j jJ ifUitj Jbtj t A j ^ liaPj ^->-Lo^r 
. oL>-U3Lj o Jjb eJM oLpLj jJL^ji .oLkJajJl 

Jaia^- LjJ ^lil c oUjJLp OjLjI AP jB AP^a-^ 

L^jJlSj cjvCj jL~j J t^lij AoJj 40 j^>“ j-* j A*JJL«j edit * (^wLjb*^- 
tOLoJa*]! aJ^j jilj -blj c Aj^_b ^UaPj p^rL*?r 

* t *■ 

dJUb jJU-J .Uajl o aJloIj (bipedal gait) 



.aJLp c-^j c^dJt c JJjJl L^jjjj /^Ssj: o jLu^ll oJia ojJi jl 



, Lg_*P Jj ^Jl J cAJ^dlj 4-jl j jJl oLo-^Jl ^jA oli> liLjb 

,A«Ia 2 JL ^Jaj LLm^A) I ^>-1 ^ jii-JU U ^ jdl I jjb j 
JL*j AjLJa ^L-t^fCj A»Sf £ 4 1 .,<-3 ) ^JLij j^^o L* A-pl *j j-ft-lll idfc jl 



oLjJdJl £-• Ljj iljLiJ oL« Jl Vjl .^cjjUI jr* cSj 5 *^ 

^ jjio ^dl 0>>Ltt-wi-Jl c^^^ApI jiaJj L.JIP . Lgjcw<k>* 

^ 1^5* jLLi toU-^Jl jJiJ ^SJ jJJi ^ja j-op tj .iiLa-^Sfl ^ 
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aIT \1± : jt-S' J-aill 




iL'l* l jP^X w-J^T W ^/ j£m** tii JLJ/ (J^w 



# # 

jj UjI '^* J1 ^ t JjIj-* U ^i_j * ^iaSvAj . Ljaj\ 

. U Jc^j>- Lijj-flJ -4 *U' 5 L*-Jl ^jA U aX 

QfbU^T.-Ai ^J3\ |J| • Jl L la-fljJl wJJi 

cjIjIjw^ Jjlj j^-1* 600 ^Lj Lj , ^\jt- , i oXjJS' 

, 0 j~L* 200 Jil L& c^LJiP <Jj*>*u ^4 i? jSL* ^ia-j j OiL 

<iuji i-_-> jLdj U Lfc (J^JL*r j l?^ wfl-5-J tw>lil ^j . *i l 
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l^t ^1 L < 43^L,rf3 a 1$1T oO_A ^J_A ,41^ 

O^pl ^0*1 tail j ol y 01 Lu^JT L>- jJ 

J,l jlajJl 01 co ja (Carl Sagon) O^pL* JjIS’ Jli JLaJ 

^J-3 ^ ‘ ^1 Asl>- j (■ y0 \*-b .-LA3 .^j-ajJi ^ O^jJtlLS"' 

^ jiajJi 00 01 . -Lju jlLaJl p jJlJ ceJU- 

cJl*^ ^JL*j d* ^ OJ ^ ^JL>^i]L) 0^^> L* <uJj! 0L*J^I 

^*^P jd^^JO y^\J d-l_P C j ) l i 4 1 0 0 C j 0 » i 

( 30 o-pl ^j-P J C 4_<^>il_^i Oj\JsL>iJiil 

c3*50t]l ^ oljycJl 0} .oJOLJl oOliJlj cjjldi-lj coUa^r^tll 
*> >j OjOtl) 0! U0*^\ji~ cOOjJjO-I ^ c— ^ju! JL3 JjiJl 

. liil j^Sf 4-CJLaii (JjIaJO 4d> d - l^X .1; .AJ J . 

j jg .-iij oLiiiii j oLJ-Ij |» jJi a^i\^~ j tOi d j* j 

i# 

y*y **-0* cOjj! I_La 0j 4 ^j L oJl ^i^jj . aj^JLoJI 

.^J . a.T...~.ll ^ l^ a» yy ^ y*3 c f LJL^- 



Jfi jib ?yjli)l LUo^j l 



d>0 OLS'j cc5-U$Jl 0 cdlS"" 
jl c—* j-* Ji o.*;^ lil Lo^j jJj>tJ ^ L^djj 1 ^ aJL 4_>-l ^ 

— IJla JlC . Jji-tjJl ^ JL$Lw jJl jl c4iajjSfl -b-l O^-i 

# 

cJ.’^LgJl ^ liji ~d0 c^Js?Ua 1I bry jJl jy^J 
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aJS* 1 wLfc a li 



j ^ )a )l A^Jis>~ ^oj>- ^^3 l ^ * 4_L*n ^ 4JLi>J| 

uJjli Cviil^j C-oil 131 .JjUO ^ ^^aJOj c-U«5^-lj cjjJ^waJi (jji 

c^la-^jJl t*A>-lj 

oJlfc 4 jL^sI l)I .^L.Vi Ca5 JUII ili ^ jt cjil >1 ^ jJl J*L* ^Jl jt 

LgJ tLkSn 01 ^i>- c^LJl «0y. j ^ Or* Oj^Vl 



tSjL^ ^Js- £->lj JJ:> .(Unhappy Triad) 

, L jd^rj c< jp jJ L».^Vli .LlL>-13 

— L^Luu ^iil y* &£* yjoj^ 3 ^5*r ^ . l^juJOf l$J Lij L *o | 01 

oOjtj .Llw ^iJj — o^Wj ^1 p clll— sV^lj <,jSLas}\j 

d^U**> y**+/3 ) 4J^L^ ^|^>o . LlL>- 1 wb dUU 0 ^J>t^ZsJ 4**oJL>- 4 j>c_*Ij 
4 A ^ <* 

J b b wb.^1 . 4^0*01 150 jyj»s} 



^ (Ferdinand Porsche) J^jy. -ULojii j_^j 1! (Adolf Hitler) 

* ( . 

0 jJti-0 *>L* 40 01 <0^2 ijL^ jOu c 1933 

O'^OJL! o}U> 1 ^il yA 15 y ja ^SsJm j3 yj .3 y jil yA JL>-1 ^]l 
^ c- U m a ; •> • As>t y \ II IS" J . 4.1a >.» yL* <Lj lO^/l 

01 L^j Ou^-C. ^iil c c3 j^Jl ^1 p 1^ jIia l ** - * Qg^ ^tjjlzJl ! Jjk 

C-J^wbcJl ^AJU j z^\-C C^bVt ®0jt OjL^Jt oJUfe ^3 J Jbb 

0 j L*J 1 ^1 *’ ^ j j co^LAS ,, ' Lt j j 01 0*Vl ^-*^^1 



.U^ «j j>- 



. g- L ~ ^> - L^sO ' ^ o^Li-p' y^xj 

^Jj-bdj |«J cL»-b ^waJ <UjUjCj ^5j c L# wb^>- Jalaitf- JbbLJ 





jJJLPb oU.J'i 
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Ijili C 0 4>j ^ip ^JLiT. ^Ji>~ 4 ~~ + £ j ^jOiJl dUi 

f - . * " 

UaJL>- jjLfcoLj i ^ *> ^ c a*j L*^l ^1 p 1jl?7 a-Lj^aJI a ^ li ^JLp 

.Uuu ^iJJ jl Oj^ lai» jJLaJI iJlgj Jjbo j! Iu^j: . J^LJuil 

J,l*J jl LJLp jJ - aJ jU V jllp - J,ll* jILp ^ 

, jli?yu-Jl j\ 

;LuLj1j^ C^lilij! ^jA J-Jajl (jl^-4 ^ I JlA Ajjj Vj 

cc^IvS-pS^ ( j^±*j £*jI Lfjbr j*-jj clibjjlj cUjU^pIj 

l$Jl ^-sla 13 c^£ ^>»l tLjapI J ^>- Au ji* olSl>- J^-Ja> L^jI l-3 j-^J 
oJUb jl .£3 jl* J^P jl^s-4 ^ p-J t JoJj ^ jlil! L» 0 L 4 ' ^ 

LJ jj1>*j L» Lilp — <_£ jw La 5" — (_£ jil l :..,^>ll ^jlj <— '^j 

.(Hernia) libuJlj (Hiccups) ;t_-plii! 

* J 

olla : >«Jj ^ — Aalli£ olijl ^ ^ Uj>ijj1j jj 

;( Jl^il (J,L> ^ ( j^Jj cACJlaJI ULLJl J Ojqi.^11 JjljJjj 

ja*£> JL*j li ^ a +. '/* a ^jS\J jl LjJ ^_^P*}L«j 

C(*^Jl OjLpLmW j-wJti l~Libjl ^JLp CjjyLoJtil 

|JUb jl .^JjiJl 0 J> c-*a ii juM>-^ jl LJf c(Hostess) 
t , * 

uJ& L^L*o>j jl ^i*j LjL ^ jj Ujv?L?-j ;l (ju Jl ./aaiVI 

. L^j ^ ■ * dl L* ^ j lfl j 

aJUI .Lj ji> o a! al* J,ljtj jA jl 

— LJLi-b oLi*l 0 ^yA 5jjJL>tll yaJl ^ jju ( j^5vaj 

bJLA jail — obj^Jil Ijo^l J C JU-^V' j coLjbjJJ ^CwiJaJl jL^J^I 





261 



aIS !Ju& 



tLilaju ( ^ r *J i 







ju*j1 jJlj clJUII c 4 : M jOL^S" L^ujU 



U>*jjIj J^U»- 4JTJjiJl JjlJbUlj oUa-j>til ^ 4W>t > oU*»^UL* US" 

cC-^Lj Jj j oUL«j}S" U^>-U>-Vl U>*J jLj ci^Ui^lS" 

* 

ell ^ y*° 3 (j-« ^ olijii^- US' 

cTt" ° lit y*?~ US" cOLmJ / cUJJS w^JtJ j .ol^iJO 

JjSfl jU-J^fl 0 IS" jJL! 4»jS"Ul!I ^1 p cjUnlJjV^ 

f s* y 

jl ?Lj& Ifl^cjJl C«lg^*V Jjfc .U-*^ 4jLgjJl ^ ^-> ll*-4l>-j ULL^ 

0^ ^-*SH c (( J 3 ». m> > )) 4^<kJl^\Jl a JL J LJ 1 o<aa I 

^JLp ^*JL>-I Lsli . Jgl .t/Jl IJLP <J> I ^ 4 j»^j jt lubt4 

Oj-l-JUlJ 0*^1 ^ JlP J 4 u-^USsJt 1 jjfc i A*-Ul 4is2^>vlJl 0 Juts ^ J^[y* 

jl ,(<W?1 j j}\ 4JU^Jl ^ 4j jj j2j ll* J-s^liVl IJLp) 4 jcJ jJLl ^lia 

^ ^ c jjSn oL-j^i iJu^Sn {j* u>tj jU 

^ ^3 ^3 4J LJjU^U^j 4Uw?l* ^U^aJl IOjej . l! jl^Jl 

. 4jj%JL*Jl oUJ-I ^3 1 j-a! 

O^CmaII -«* 1 4aj^jI oU^U j) 1 1— — * 1 i L* 

— A^P’l-JwUl 4*1^,. ywwll^ 44u-c~fcj*Ji^j 4 (_£ 4 1 JL*J| ^*1 ” 4^**^J 

* * * 
.Uajl c gT^ l/^' ^ 





jJLLb a^-o— J l 
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(James Neel) JJ (Up ^ JjL 

j»j L ^Jj .LuL*i? j jL* o ^SliJl oJL cl 962 ^Ip 

01 c (Thrifty Genotype) ^i-1 ji ^kjl L0> yL 

^ ^ i y . j ,jLfcjj*Vlj ^1 p IjL^j Li ^pO-Jl jj/ 4 Li^LI 

I jjiil CLlS" LwUp CO ^3j Ap^ljJ JjSfl OLu^l 015" C^jjOL^? 



cojJj olijl Lfr*.Ia Y) cOL o-L OjijJl olj^i »La11j co jZ* 

.ojJ 5"LJ ^JiSsJl Li*)LI c_$jJ 0/^^ ^ L* Jllp 

# ( 

\ jl 3 jj jjyulllil ii>*jiJlj c JlP jJl OjjLl oJlgJ 01 -L 



i * * ^ fr i » P 

Lla^LO jL*pO 01 o j^^v 2 jLj 1 LLI , L*^i ^*1 

*w4 0 ft-L^-oJL-%3 CO j Jl ois *1 i]^>- j »1 til isui>i 



0 j-fcjJl C(3L*il iJlft . Japxjdl olj^A ^ L^lJlpxlL 

fcl^.» r ~5.7 IgJjL) ^Jl cLjLS’1 02 jil 4iUaJl Oj . 0 JLjL» OJ 
L$ Jaju ^ jj>«j ^Jj j cOVl £L>i Lip ^lll c^JaOoSfl i^Locau ^_pJlJ 
^wwwjiOl lujt 01 .L>**V L$ >» 1 1 ^-ii ^_jLLl ^J^wj ^Ip 

ajJlpVi aJ y yJ jilp ^ J-ili a^J j c jL*SsJI j ^Ij ^J l jilp ^ jLpt 
<L?-L ail JJLJlj A,;,^Jl 01 ^10 LI? apLJI jIjl« ^^ip LJlII 

JL5 — JLaJl y?\ j^lj c^Ll la^O? ^Lijjlj cA>- » jl) 1 <_£ ^5L>» — LgJ 

4j>Ol ^jl oLi-1 Aj ^JaJ ju~ju Jj Li" . 4j>7 jl jJl A^jt^JaJl aJLLI 1 . y»r « yg l 



cL^ j-* LJIp 2LJ oli .LjfcjJl LoL?MJ Lp- v-r^ °^ Jb 
LpiJjU ^ oJjli aJ 015” yk\ j-bj cAiUflJl 

^IjjjJl LijLjj>“ OV ^c5 La oJLl ^Jl LLp- J as 01 
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.LbLto ^\5i t^>Lil y^~ L**L**1 LJ-j 

cj^ljcJl ,Jj ^ p c-Lap-Vi (J>1 LJj ^-Jaj 

jli C 4> T J g.*jj ^ yl (JuljdJl jVj . O^jJ^H Jd ^ ^ e J LUJ 

jJJi c-.. >. m . j o^ j^JTj . o^jjS^ ^ j-* ^ jy^. f^ 1 ,i r ^ 

. (i> jy* J-i!l c-JLaJl ^1 2jju 01 ^OJl c^JlU <W?L>’ aI^.0^* 

^1 ^jy»JJL!l o^jjl t^JLp'^U Jjwaj jl ^t^wLaJI ^ ^^Ip 

> * 

3 jw >,<?]\ ^jA ^S<~oJj V jj Ajli cL^2jL>«-L 4 ^jJl JaJw? ijl^ lilj , jw L^aJi 

JjV' ^Ji)l ^ij ^ jIjlpLJ jLo-^ iJLjfc l^JJJl! . l ^1pSU 

^ jj>r jJl ^j- 4 4 aLC L^JlS 3 (, Jp^ ^ jjc^aJL ^wUJ ^ o .— i 0jow5 oL*Lw? 
Igjli c^-JU-C L®wUP ,IjJL>7j^ d^^l*JaP * ^5^ l£ j^SH .^JjLw^J 

.^Ip^J Ld^jl o^jjl ^ ^1 p 4 ^<g « a « > 

Llo jil c«^LjaP oU Pa* j aj^L^O t " jI i>i A . ^ 1' 0| 

. jU-^aJl ^4 .5 jw./all 

^JL>c_i^J c aL? JlJI oLJl ^JO ^ j\sJ J^Lj^j ^UaJl IJla> J-^ju 

J^>r <U^i^ . jijjl j c^*0-<>~LI l 

** , 

i\jy^ ^j->*j >1 ^Jj ^2 0^3 .0-lS"lj 0 Lj>* ^Jl L <1*> U ^l>eJkl 

ULj jl C^^-3 • ®«3 jjSH ^ (^pS^J fjJl O^Ua^Jl 

. oL*L&-siaJl y >> ^ ~U djJi jV • ^ ^-iJl ^j5*LL-4 

<» 

JJiij Uaixi .(varicose veins) (Jlj^Jl ^ y> L»Lc oJj>cj L® 1 jjbj 

ljS\j jS\ ^>»,<ai j ^ 4oL®i ^ ojjfc 




dilai-b 
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^ 1 Jfc£ 111 L. . jl jj^-C O^jjSH 4-*~J J jl 4 J J-aJJ 4 j^L?- V 

^jA aIj <jij LpL*^J 0 ^-^*JL>o yC jS* •) <zj lj->- L J * J 1 yiu L * j .0 y>~^^\ 
4 (hemorrhoids) j>^ljJL< ajL^^ ^l>- J^-io jj-Js 4^-a^Jl 

caJL jh . Jl ^ jJJ-l CjLpLoj . oJl5) jJl LJLJ- (_£ y>-\ AjilSsj 

4^*-XJl ^0^7 . ^-*AIa**J*I (J^>- <*— ^l-^'l ^iJl^ ^3 ^dJl 

^ JL>Jd jl^j ^1 Ljf A^yS* Ja j^S^dj aJL^j 

. ^ * 

. Aj JaJl JL^ U^> 4*>ta jl? 



->J ^MwJ ^^^Jl ! 4^ Lata**) J I ^«^La 

^ OIaJL 4 ^ j-Jt c-LjI ( j*oijJl ^Usuajlj (jln>-VL® ! JLp jj-oj 
j> jS^oJj 01 j> Lf*^> t J5"LiII i«jli ^ j 

. r o£)l 

t» tOl—JJl ol £ j>*j j%^>tiJLi y*j$\ ^clij Ld| 

oLjJdil jt q a *^aJ ^JLp L ? «*o » O^JLrj I 4 I 5 " oJlfej .jU-l 0 y^jAj 

jLJ^I 0 y*s>- jli Jm2jjJ! ^ LjIj L^SJ . ^ jl 

OwLo^pl JiLj c4^^»JXa>“ y£ 1 ^} UjLja-P^^j-A l ^ ^ Aj j^a 

£jA *AlC 4jjiji“-l 0 y>-jA ,(_£ ^-Vl 

^Jjaj ofj&r Aj jA l)Ij- 1>- L^J c O j - ya Jt JLJ-I c3 j 3 L 4 Jl ^-1 
cL-oj JSCi j^Juj 4 ULJ clJd ^>*ij cj! j^?I ^tid dr^J .JLiu j 

. j|jJ-l I JLfc 4 j*)L^2j ^lll i yA .iJ-P 
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a]S 1 Jl* J-aiJ' 



^1p Lj jJLil 4 JLo*i£ o 4-iuLSi ^ jJl ^jLJl a il jl 

C a15s . m.< oi-fc £tllj .^jl^-l O^LjaP ^>o -/* (J*^ 5 **^ 

JjjL> jC. *±-s>- **» ‘(j-Ul (*-^ J - Lp 

(^jJ I*# cl j yS I j ]fl>“ iSwJio jl ( j5sJ*. ' * I^Aj 
c^*5^Jl ^^Ip LjjJlS ^ Ijl>- SjlaII LiL>- 3Jjj^ ^1 » u JLaJ I y» 
tj‘>\jul ^jA ^iJl ^ jJl pLjI C^-dJl ^lls-Oil jfW? L jJjl^ 

.pl^Jl <J j£: 

Lj&I jil jj . (jliiP- VI j-& IJl^J _/*"Vl oLjajLiil j 

c v*J« 3 teXi . c 1 ^ ^ * jp ^^aJI c Aaj I^^Jl a « i^dt tf 1 1 

uJljUs* ^Jl oJlA C^«jLlllj C^JlJJ A-yyjij yA-ll 

A... ^fll l ^ ^Lxkil ^jA 4jt]aJ Jj-L) jl J±* j\jCj jl ( ^X£ oV^I 



* 4jl j-^Jl 



J 

(Hiccups) JIjaJI : (Tadpole) .iJlwVI 



i3U-^V' c^JJl c^tjjlill ^ l~^-$-l jl 

• oiupl^Juil^ 

1.1.7. <l3 j^Lij Lj I y!t c c3l 5jl-M^^fl LJ $-1 jP c^l *3L* jlV jl 

tj L w-j JLxjIj til j-iU kJajgJl JajL^ jl *c5 ojj-Aj oJLfc 
jl JlflTttj .Lg-plo J* y OjJt^a 4*Jai J,l t^Jli _ r $5" 

JjuJI <_£»Ul tjS" ^ll ^j^-l 4ata;ll oJla 





4^ o . jl 
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. jl jjLSLj 4.^o...j (^jJl CwLSaII ^p^jcdl 

^ ja* Si ^jA I.2.AP a *,P a Iji ^IslC ^^LJLI j-fc jl j-ill 

^3 j* ’ (J J *> - jl . 0 4-J Jlj j^-Li-l (wjL>iJ-ij j»— J-l 
0<AA Luftj i s, ^ • ~ mJ ^Jl 4 1 .* ^ aP^f i ^yA i <-^^1^ 

^L* 35 Jl j>- '^-*->. ^-> . ^1 j-^JJ ^U*- >* <jlp ^tzij I-Xaj . o^>LjajJl 

«»LomJ (^La^LI j L*J ^ Lj 0 yA ^ « 1 i y*A 4 J ? C 4^0 L> 

^ ^J*)U jwi3 j*)LiuL ^j-lil £j^vJl .^jl j^Jl (_£ ^>tll JLpI 



. Ji ^jilj 



iitj coJL>-ij (ji ji 4joL>xj ^Lmaj L» Ij^U Ljl ^ SJ^LlII 
jjLjJ j j£ >.«».+ 4 JjS/i Jl ^j-woji-l o*VLi-l ^ ji J-iSl c.. H j\ 
t-j j~+A coiitjl jJ^L viJlljli lilj . 4 lJL=L\ jJULi ^£JL» jl ^ O-Lj^r A^p ji 
(1) jj ^J l JL-^Ti ^jij .0 j-* j^-» 4ijjc* li ji yji Ajy jaZ+~j 

jt^ *^“S) j—J-l jl-^r (g^lp yj jj ^ 



cL*Lc . Ujaju i ^^a jl j-iJl 



JtJaJ . I Jl>- 4L jl? ojCaJ jl Jx£ jljjiiS jll ^ ^a « ; < 

(J| 1922 fLp y* ^Uail jj^ La ^ jly 0 c~>Jc~*\ 



.1990 ftp 

jL^Jai 1 ]Lla ,Lw?li ^>-1 joU jJb jl jjaJL c-jLmAj jl Jl LJLa jl 

lU-j (^JJl 4<— ^L^aP-Sfl ^ £tl*LlSt La JjSfl • a L-A 

^j-j^il jl jjlSI ^ja o^LL-I jJLLj jji L* \ colillj ? jl jjLSI 

jjb c. ./g«Sl ^cJLio jl . jLajXI jLJ j*^Lplj c^j^vjl ^>-Lill j** d » i Ji 4JI 
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<iST \±* 



4j £tJ jLj 4s>y^j C^jli Jb*J (jl jjiJl Lo-Lj C ^5^0. ..xsj I U^jU ^llj 

. cJ® c-^lj 1 

b.« a ;:t j*^oO jl LpLo ^al^j cVj^ 

* 

<ju uj-l J-LP £^Jl>- ^ <_5^ cJ-oJtSl j» fe»* . bi J& ^y> 

^j^jLiJI oVb*^ ^b-bl Jl>- j-^J( J-J-l j 

cjwL^aJl ^la . a ; Ij . b ia-oJJ &Jo*j . Ll» -XJ A^+Ji ^Jl 

* 

\jjn Oli t<uip tbj j . I J->- i Jjo ylPj cyrL^-l i^L^i-lj 



centra] pattern) <Jj £ jil ia^jJl uJ y:. <_jsy»j ^L.jJl j-bU ^ «yU 

«* * 

tLj j c i.. .,<?»!! ^ja 3-©pbi* UaLci 4i?Ia:ll oJla .(generator 
bJL >- j bplo otjJ jil oJlA ^Jp . O^LiajtJl caJLp 

.^1 j ^JLJlS" cc5 >V» JUpLsII otS^LJl ^yJl 
^j^aiiJIj 015*’ t^L^Sn ^ ^L*jJl ^JL>- 01 ^a ^ISLjlLI 

ob iJLw^S^ .oLjJjJi ^ J-ojJL! 4jj J ju ^ jJj $.i]b»-^Sn ^ 
c^L*Jl!l jj- 4 l/* iJLo-^l L^-Uj c^UajJl 

c^b^pSflj . J y >- j <jjj0 ^ ^«pblJl C-OUajJl ^ULSL 
blc ry> ^ Lgjt y o J r Jjl^bil bJ Lb 

liLo-^Sfl \ {J* I^A L «»> ^y> 0^ L5^*~ b^-c .^pL^jJI 

oLjUx! a ,m^oj ,^jj-i>-Sfl ^ <LjI ju j^S f l 

c ■ 1^ 3 L>- tali c^wj 400 ^1p ^-A ^.o-p vXj^j ^ijl c j jj*t_vflJl /y 4 5-CtaXjiJl 

vU ^ UT Uf . v-' ^U p^Ij ^L 4 ^ oUJ^ JLp 

,^L*jJl jj- 4 ^zJl ct^Ls^apSfl wUT c oV^ 




viJULi-b 
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V-Jb ci]L^V^ ^ JL~>r (J^*^ ftiajJt 1 -La 

4iio*>J> ^jM.A jjjj ( t J l -/3 1 ^y**0 4 ^3 j *C^L*J*AliJ 

Ja* 3^ ^t-P j5LjL{ ^jJLi-lj ^ ^.vLi^-li .^L*jJl £^Jl>“ (J/ 4 ^ ^ 4_L) ^L? 

t 4jiJb^ 4.1^- JL* LjJdi cdjLjJliJl L»l ,^L»Jl!I 4jJaiI>l oJa 
4^>-lJ0 jwU^Jl jl-X>- Cj^wJ^ju LjjJ ^ alTllj ^-1> 

c-*>l>*JO . Lila.) ^*^P UjJLv^ */? i" ^Jl caJLsAjlSI ^Aj 

£- j^rL^l ^Jl cc-jL^p^Ij ‘l 3>^ J^Li-t 

.Lijj < jtj>*j 4 ^L*jJ 1 c£l ciJL®— ij* ^a Lk5" LpLo ^ja 

phrenic) ^.L>JO c(Vagus) UaP^I oJla 

J,l J-^ail S^jJLaJI cJij ^>* i]l j>p 4-o^>-oJ0 o-lpti -bi c (nerve 
jL^il IJla Oj .^piuSlj ^ill 4 jJu^Jl s-ij^-ij 4j>-Li-l <— ^L>JO 

^L*p^1 oJla Jot V 01 ^ikdl 4 JTLLil c? j=W 

jli 4 JajLl c. j^J . J^-UO <^b*j>*l) c-*> ^il jl^L* ^jA 4 4-3 J\ ^jA 

t_ ;~“ij l ^ 01 4 L^2_pS^ 0 -La JLIj 



jli 4^^-o— Jl l ^lij jA LjL^pV jA J l jL~il Otf oi 

* 

LJIS" ^-L*o ^jJLs^- (_j 1 jjLII , Oj L<*^S^ li>ejjlJ ^p OiLp 4jli (0 1 ^jjJl 
Jj^Ujl 4jt*Ij 4^>-LL* J^Lio Oj-gJl ( j-« 4--o^S" Jj>0 l$J p-2) 4 4^0-LlJl 

^ (jl j^^-i j 4 <sS ^ j* la^jJ IjJ iJLla 01 j-Ljj . jL*jil OL— ! 

j» : r * o J la UjjL>- lit ;^0»jJl 

L-C jJ j^. Jj ^ JljiJlj j*-Ij 01 .(jljill 
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y* s\£- J^JLo — *L*pLiJI otS" jJL-JI ^j>\S JljjiJl# uS^ j* 

,4j yi\ Lj>~bL 1 0»l Jj>- 

j-* iaP Jl! ji ^jjlIa-4 Jl jjiil ^P la^lll jJ j-a tl)f ^-jalj 

* 

plj^^Jl ^ \s\j t •*- * ci^Lj La^JI * L^ y* o L, La j-Ji 

Jb y LgJlS caJLJ- 1 iUj ^ .j*-^Lii*-L IaJLp IJLa la^jJl jJ y 

ijl i C* y Lg JL^Jj j. .iZ»LJ^~l ^P IgJ y>%l^ j LgJbljSI ^1 pill £W? 

jLJ jJju LgJli t ^II J,| J ^>-jJl ^ pill ^jlL . LgLuj (JJ pill J^>--b 
ijL-J JjAp^fj . y*JC^\ y£ ^jJju LjS^ d-bljil IjLajI! 

^Jj LgpLA,5 ^ Jj>- ^ jA la c *aJ c j lpI jL»Jl (j£»jJ jIa^II 

Jj ^ 1? ^jp Lg_i^p . jL»^ll L)L~J c? jj3 J*)LpI j . $ «~Jl 

, Jl ^iJl J jo C ^j , *,h a ) ^AUll 

* 

d*X>* ^^?l^ (,_JlpI j-dJl LSI y \j <ujtJl j)| 

,O.P>-l^ 0 ^jp OjLp (jy> jJbliflJl (jl \j>-y3\ ^AiljJl y Ju JL*_il (jl 
A^tdkS"" ^.«J (jl c t^P-*P r l^jL I ^-| » - ^ I ■ *^** 1 1 ^ j «-» fl*Jl Ljl^ 

j)l Ljajl Lli^Pj .Ul y ^ JlJ^I ] LcS' L*Lf cl)jj ^^J l jl.. ~S\ 

< * 

LoJ T * LaL^ c^jwL^Jl wbc. ^ii.> p l^s^J I ^ . . *> Lj^~ L ^j-mjiiiJI v - * 

^i>- Lj^p Uj j *^’“ - i^"j l ._— J l ^"^1 — a * jj l! LJo: 

^ p p 

plil y L*>IS" LgJL)t?^j 4(^i-plj-iJl ^ ^ ..tiLjLl a ; > Li 

. J^Sfl L^'j <jjlS-* 





dlU-b Jl 
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(Hernias) cJbill : jS > yiJl 



(jJdLl] <>>■> lib JiSfl ^^uaJl jl c c3 L^jLU-j 4jLm^^U bJL* 01 



t aSn.o...^ b *X^~ 1 £b — ^jJaJl JjLuI OJLb ^Jl c O Vbbl 

Ji «jO*J 



b*1 . LfrJj Jl J.^aJ j cbfcj-L^? olbb JLlC 5JL-bj JJlP i3L^/>U 
V 01 iJbr JlJO ^ .aJ&LiII Ubj cdJbJLS" C^>JU oLjJjJl 



^jA ^-P jJl ^JLp) b-Jb j\ ^>«j ^ 4 b jJL>^ btyCbP* Aj-^blil b^JLP C) 

aJL-Ui b^JLp ci — i bT ,^4 ji1i^ 4j^^- LjlJbl Jjtb ~b L^jI 



•J-Udt £jA bfxf li cbj jJo ^ 
,»b^Jl oJjfcL t j b* . JjOJI Ji ^ all ^jA j* L la a^ * Ihl 

JL^vJl 01 0 jbJiixj 01 ^LoJLp j . l-i>> Jill JbS* OJ 

aJL>LiJI JLb l 3 c!>Lb -b^Jt wL*jl yjl ^ ^ 



^ J ^>* L - -- 1 j«^l IJLfc jl . jX4 II 4.4 la 1 * J> c L _ -1 0 Jl i^«-jI>* Jl wVU* 

bo^ cbjjJ b*l . ^ A^JbL* ol^b 4JL>bl)l JJLiii wVlC li3b<^(Sfl \i*A 
j ^SbUl .SJjLS*' jS^Jb-w*j l _ l-bfc Ob ^ lax* (Jl^O yk 

, ^JL>- 4l Ja Aj yi\ obi ^J-l Oj^Oj 

^bb 43 jj OjbiO bObb OjLp (^j^bJO jl) 4 j jjll obl 0} 

t4j7>bJl 4jLb ^>w3 jS^Jlo J jinJ JxJ jL# Ojl ^>- A>-j3 Jl 

c_b 4 j jjJ»l obl ^-J-l Ob tOjI j^"l o^lj bl , L^-JOci ^-lll 

j^S^j ^dJb . t+zj Lgjb cl*-i^>- o3jb Ojl jX - 1 a^-j 3 oJlS~ OJj co^-io> 






Z71 







i LiL*- jlSJi jf fSjj . (^ifi'l) U_T Lfr ji /jj 

L*jT i^JJiJf jj** L Mtj 1 L/yj ^i// c^L-rLi// ^jTy7 L-i y-rf 

5ttven^ L‘L*L5~jn jV-t jj£jJI Lfj^Jjadr j 4( jT y>- f v^-V oifyii 2 ^# 
Canadian Shark Research ) ^ jaS\ jy& t (Campana 

. (Laboratory 
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CjUI j^JlS JpLi 3jl^>«j ^-X>tiU jyw? jL^*r oL> JjJl 

* 

iJ-p jli U5*j .(scrotum) p-^jl jAj tAjpl 

Jj*r jj OJLti j Jj>-b J J>-b os y* aJL^LjliJI ^S^JJl 

US' .Ojl jiA <>-jS jJu ^Jkii j t^JLol? 01 LgJ L^w*L> 0*^Ua_P 
^UJO ^olj ^ 10 a^ . aj ^U l ^LU-i ^ ..i-aP S^Lia 01 
.bjL ^LJO Opj U-Up (^OU- JJ ^ i ( j*s*S' s\ 

4-flj jl? aJS* IOaj .Ojl j £- 1 ^yZA>*Jj jl aL*LS^ Uj^O £Aj y 

. 4.<UL.^ 4j ji* d-> Li 1 j-^* ^Isl ^J-JajI ^Lp (J j..-^a.>iJL! 

. 0L0O1JI Ju JbtSl ^ 0 jULS* 4 IOajI J jUI l jjL<a}\ 0 J 

4 ^ jlt-X?^ jL^" Aa?|~ jj ^yy>jtl 1 Lb»M 1 

oLv>> sJLa cOJjyOJl ^ iUi La ^ ijj ^iil cLO ^*Jl JJl jaJI j 

. ^yAmt^S 1 1 S ^ lJ Lp «A^x0l A»ft 

olil jJO ^^1 c ^-pl 01 ^a jdl 10 a ^ aI^jUI 01 

-I y* 4j jUl Olit jU-1 ^JjUj . Aj jlL Ji J,J Aj^i' 



-X^T.j t^yL^Jl Or 4 c5yll JP I^a 0 .c£pl JP pP 
j>P *AlC j*j 4^^ jJO ci^i PL j 4 jvPl oL^Lj J-p'^U 

jj l J?Uaj 4 JLaaII pi IOa .^jU^I J}j *wia]' Jl ^,jJ 

. jO^Lj aLPI ^JLiJl ^JLP ^ja (^jUi JjUJI 4j jlil C^Lil^i-l 
,^J jOtjJl J (^jjIaiJl Ii>*jjIj i yJl jL^il 10 a y^. 0J 

jpl ^ aJ A>- y c^dJl 4 Ajb OL^il ^ La j pJ p^Lill LJ^Ji- LlJ 
Jjjj 4 JL-L 1 JI IJ^JLp Oli 4 Laj jbj La j-C . JL^J l ^ 
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a!£" IjL* a /a * ^ 




(Gonads) %JL*hz}l jJJJ! C*J^ O* J yJ i j^jJI Jy^ . ..a^ / l//^ 

ijLfi-jtj ((Scrotum) lj-S \ y l*+t ^1 r — J-l ^ ^'ImJI 

11// jjfjUjjJi; Jl j Uj*- ^Jma^*j aIS' iJ-M /a . // ^h* ^ t— - 

0 

, (CJrsfJlVly) -u> ^ <i i a > Li.*. J * 



l1! y *~~ *"‘ J 3 ^ ^jA i ^^Li* jJ JJ j 4 ^>n j, .ji-Su 

iiL^« o Ljaj ^Jl ^juJ V of ^ Jub ^ a ..fi j . ^ ^JU ^JLij tp_>- ^ * jL^t 




vill^b . Ji 
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.dJJi (j--® jtSl I Jjb (J jjJl JUX. 4 j jS'JJl ^ j . L^...a.l ) 4 aL 

4 .,<? 4jti ^eJUj — jjS'UJl ^ U-^ Vj — 4-jL>»LlJ! ^jjJI OJ 

^ <a 1 (_] l—* ^ i ^^3 

^ jjjijz-j 4^j i .,/3 II J^LzjJ ^ J-^l 

. (3 4 Qr^O <,ra >*JL1 Aisl^-a Q 1 — .ft j IAa 

Jj^l ^u 4 jLjw9 4j>-L^* OJlli Of ^ aI^oII J 

j3 4 1 la » * <* j A0alla.ll 4^r * i «,*a ll C-jIS" 

.frL-iSf! (3^0^ ^ ^5\-C c^?~ cAJallail a>* .iL^-ll j OJ-^lji (Oih tOVl 
^ ( ^JaJl JjL* 0 3^ il ^ Cj*VL>“ ^y* -bJL*Jl ^ L» djjjvaJL) 1 Jbfc 
Or 4 J jO’ c~f>- c aJJL^- 3iiJl ^ ^l^Vl gOa ^a-*j j . JUr j-!l 
^l^yVl oOjb ^>-1 oiL-^j . OV j-^ 1 * jl>- (QUy^jLl 
1^« ■ lOljt>*l Oj-i c^liJl P : a ’ L*JLlP .A^**J^-» 3-^fl or - 

Of o^-t *l**Sfl Of O^ 2 ^^ jl-^*r ^ <_i*- 0 aJlj .^-^laJl ^ 5 ^ 

« ^ - 0 1 4 1 - 1 ^ > 1 Ifl * * 1 ^ • 1 ^ 4 > 1^ . 1 1 

n> )* * 

tj.A-1 10 j& ^ L? j*^>- 4j^JUl 4—J-^l olj^ftj 

j|jj>^ OLi 40 t>j^P JLl£ j*3wa jOl ^j_gjjJ oS/ 

.jjSjJI (3^-f 0r^“^ Or^ 2 ^^ 

OljJ^r a] ^ 9 jjuj (3^1 4 JjL^JI laJtQaJl j ^jl> L*JLlp -b>- ^1 1 Jjb 
^jj *Xb*3“l 01 o^3-*Jl 

n 

^0?L* o^H aO^jLL* jjfc 3 *^^. 4jLs^P>U Jb- jJl ^j-^> OJ . ^ JLpL-j 




275 



a)& IJla 



bjJU £ jsJJ Jfi I j*l :Obj^£it 



^ jJjj j \ L>*5b>- { *jA aJU*- bj-b jS" jiAt jj 

j^- 4 ^a LgJ 4 jLkj jt .*L-iVt 

.Ul/>U-- 4^|JL>*1**I L^JT cAillaJt y ^y ob^S\--Jlj 

f-tj^'^fl *■* J t • b» ^ Cjl ^ j.<>.. — . It Lm^jI i C 1 AJ^bjJt j o > 1 ^? ■ > 

-UP LjjJ bjju / jlJkl ^ j->- j Ji>Jj . lil>* 5 b>- ^Julfej 4 ji]i>«il 



l)I j/^Ss-C 4^al j^Sft 4-ojli Jli ciii-l c-j-u-Jj » Ifl-Ai L# JJL>- ci->J-b>- 

* 

jLS" jl .oJjLh^j lA>- aL ji? L^JjLkj cbjUJ / jlJtl L^w-J 



g T .vl ^Jj ^iJl 4 Uj L>.o., JxJ 1 cUJ^-pbil]l ^3 4ix-ju* «i3l_Jfc> 
4j>c_^-J Lj 4 jL 1? jJl ^ JJil jv2>*JJ Jjj . Jl>«j JiJ 4 jLLJ| £- lit jli 4 L^J 
^Lp *L>j ♦ IgiS*' Jrl ij-^l ^ Jji *& jl tju^l ^ J-5-J 4 o:>Jj£ 

LaLoI O^b** Ji jl C 4 j j JJLil-l A*i 0 -l>o (^jJl l jlS\il 



.O jit UUailj jJtj ^Ja.*.sIaJt 



^tjjU ^-jxju l^»JL>^J ^llt iC^ULojJt JUJbJl jl 

(Jj^- ^ilt 4 a-j L 4 > . < xil OJ^-pt-iiit 4JLssLsw3 . L 4 L^-j>- t lj jUJ jT jiAl 

^lijlj Ljj-< olii^VI iS\ Oi^-^^Vlj u-»Ij ^SLJ l 



L^jl4 iJ J(jj Vj cl^UsJI ol jLL ^J-3 oLiJ Jj 1 0 jj JL-^ si 
£*jj\j bjUJ j.l».Lt . AjLil^til C^bj^SLit ^ q 2 j^t y* 

tbj^sJJ 4 jLJU* jJLUj^^^ < y j 4 ^1*^- iL^JLul^ IJla 

ja Jp' c^bj y '!5bsis?t oLiu Lg->! L®j^p J j *2 l l 




viLU-b Jl 



276 



jil aJL» 1£\J| AiUaJl ^Idl 4-Jl oli 4 4jtJLi-l C^J • oljLJL* 

4jyiii ySn {j* Ltu Ji3 0 -La 

^Ja\ jJ\ 4^1j3 ^ LJ-L<aJ sL» 

oJugJ £^iLc (3^^ o'**- ibjJiJ ^iJkl 

C^L) ^jJLi erf LJI^*Ij oSf Ij-ftj ^ft ^ 3 1 j-*SH 

l 5 ^ * 3 W O^- U l b^^ixjl ^Js- y* ^jj 

Jj ^Ip ^ L. cji-5" jjl LgJ jlS” ^iJl 4oL»ljjJl j%jfct 
Jluij o (_£Jl!I ^lS* OlS*j . LJlilj LJllajI tLJjJl j& 

.43 ^jL) jil iJljJ (JjJLJjj <JLa1?V| 

4—« JLJt 4 1 Ja P j ajJl tpi ^x>^*o ^3 il lw\ — ft 

^w?l jA 4^1 j 3 .(cardioencephalomyopathy) 

j±a jotl j u-r- 9 ' L$J_^' c/ 2 ^' ^l£L. <^JJjSn Ji/^' J -^“ 

4«->j jSCcil Lft J jcj I jJ 40 LJ-I jU J y>- j*-^y .dJ-iJU 

^-lif ^S'I jIj ^ 4 Jy>r ^ i^ j+a % II 4.^-jv 
* 

4 bjJj^ UI p l£^'j 4 (Paracoccus denitrificans) 

^ JUL 4 . 1 1 , j). 4 j 1 j L>xy > ^ 4 4j Lum 4u*Jl 4 : - ; 0 

.^jjjSfl Jjj 4.a.>t l . < T <^jJl 4 4-JJ15" L»L£ ,L> jJJ jS '* ^ 03j^- ji.1 

^ g ^ I jliJ (^JiJl 44jli ^ \j^L1j\ Ju3 

dlS'Lsi- yA I y&Ji JuJ ,li>cjjlj u-i yu L* Jj-P 4L*L? ^ilalA ojwl>-j L«j 

4— > I > w.t 1 1 ^yJu 4 ^3 0 L * j I Ij^wLi^S"' J* C.T* 
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aIS' IJl a : jt-S' J-waaJI 



** * c 

oljLli JLlf ;Ll>*jjlj y* .Lrf j*-> y^i VI ^ 

. l ;:^JL>- ^ 

LjS*^ 4 Jj jj jJl y^r Laij j C. ->l> j (Jli> OJ 

<jyY\iJl ol j-L^Jl jY->* c-LjapSfl iJltj jt-lpj ^ Lp^- 4 ^ 

caJL>-IJl!I till) lo ^m\ iJl* ^Lp jl olS" 

^JLp 5jl 5I oL>*jSfli .aJU-IjJI j\ t aJl>*Ijl!I jl 

4£'y*£; y£* l ^ tf «ts*xJ ^ 1995 ^t-P Jj y 0JjL>»j ojli <---»IjJlJI 

,iS oUl jJ~lj 4Ut~J^n J* ^L~>rS/l coLui-l y* 

Ijj ^IjSf c*~*i ^ 2006 j 2002 ^ J jy SjSUrj 

* * 

^.A-J V 4jlj^il ^Jlp (J> L*AjL) 

jli 42001 ^ i L» li*j .(C. elegans) 

.lalt ^ Jj y ojjb*tj j >%. Jt AiLJj 0 jy^" t-fc* Lc.) 0 j^oj>JJ 

. I ^ n j. ^ ^ 4j y*^\ ^ jl*Jl yi x . 1 Llom^ 3 <JI*ol j^ 

LjjJ , A-* La> yy ^ ^ ^1p l ~ - * cAjyw oliLi^t ^ - -- J oJub^ 

ciJL^Sfl ^^Ip p-*j j c jlwbJjlj to jvojLl ^1 p <^ji? olilJuL^I 

JUAa)1 ^L^Ij 4 L..mj > - I ^J-o»P 4^LJT 

Aj jJ Cji jlaj y* \±&J ^S\ C(J yJl yp\ y*)}\ 

UjUpI 




2ilPl 



* * * C 

C-J IjJIj ^L^>JJ I y^j-* 

4j^ 4 ojjbj 4 y\ £ .AJIU L y>\ L-i>“llllj 01 (Jjl-b*- ^ 

t^-alp 4 5 jJLaJ ^^SXaSfl 0 JLft Jl* ^ Jopl C-US" ^ijSf $ jj <^jjL) A*j ^P 

^ ^3jIa1| jwSL^- ^ IUpL^w« 4 ^ ^Jp 

j! ^5CoAl jt-S" 4 aJjL*J 1 .oL-^Ldl 

fi «■ *. 

ol5” U LJLpj tLL»L*«^-ij Liilp -Lah.i (Jl^>- ^Js (*^* ■* 

,y\J\ J 4( jul»t ^ ^UJl OVI Ut .LLU J lj->wu 

. J jVi fUll ^ ^J-l dUi l^-i CJ^^I ^ 

J* 

^ jJUJl ^ JLils a-* 1 y*~j* L$iip djl>*Ij <w? Lp 3 J 2 J- 

4 J^.» £ o ^]Lla Jl 4 . — aAj LlS^ wLaJ . ^p l^.^..w ^3 apIu^Ij 
L> o jP iJLj& jSfj ^ ol jliaiU <u>- 4 —;*^; SA-^til cj\ y ~*» Jl 

OJJi ^ ^^2>- V oIpL* c,.*0a< oiJ h^j ^>JjJl>- 4^wJ 1 ^^5" 

\ ^ ll>~ j aS^ ^ ojJl 0^>-l IjcPIa 4lJb-X^- ^jlLI 

a. .m ; lL) jl jil I jjb J| a-p oljLjil Jp Jjij j . JJL** J| 

^zJl coL>tiil ^ jlSjl jj JLjIjUj Ul lijbi 4 c^ljUfljaJLj ui^j jj 

^1 4 j \ W 4 ll oiAaLlI J-^ O^* LJLjwJ 

£ S* J oLl^ .Ol^lkilj 5^Jl oljl >1 J| 2LU!l 
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ji»J —(Henry Crown Space Center) tUaiil Ojl^f t_$ jb* 

*LJjI ( Jli>- ^ ip jil A ,/sa\\ col jj j j»ll v S"1 

<1) jill C>L>n. .*Jlj C^Lj^lo-Jl ^ tLjajaJi ^a\ jo % Li ^ Sj ^>-1 

4<Lg_dljJl j^-a^H ll 4^iL > - (J^jbw ^ol 1 _ • (AaS" AaI . » 1 1 

<t j> jaU A^bSfl oLprlj-U LgJj ^ J-ii ol (j-^ ^ 

Ol ^^i>, A3 yj* f l 3 aJ ^yA t- — > t » | ^ ^ I ( | O^-^^-*-* 

^ f. f 

c4JAa>*j I A>7 o^Jlv^ OA Ail ;4^-oOfcl sA>> 1 i wLj ^1 . IjJU-b jJsLLj^ LgJ ^>- 
LgJp ^ ^ jil o*^b»^[l ob" Ail . li^-V o->b o ^S vj <1)1 ^1p 
^ y Oa Ij Ol ^J-3 (JO 1 j-4 oAp ol j& 1 ol ^1 p Ab"^ i <*_ jP J1>1aj 
l ^jl-JLbl il ^.i^bsJl c8 ^JJ j^jl yA <^Ls^Vl OiUJl 0 j^x^- lO^ lb" llA 



Frank) d)laj iijl yj t (James Lovell) Jb ^ aj~L>- 

J>1 Aj^Ao iL>- j J jl J* (William Anders) jjAj I oUjjj t (Borman 

># 

(J^\->- LajLm^ t " .* .y tLs^sj 4Joi^j oAjfc <JOjb" Ail , Ip _ prj y* j-^a11 
La Ip Oy^ J J oLj JL*j oVl b^j tOJliJl (_i*^Jl ^ ioJl o jbrj 

d)l ^JL^a! . AJLj COjIS" IaJs? . 4*jLii-l 4.;..i^ll ^1 ^laJJ t^Jjl £-a 

U 14 -* JlJljli & jl .Je> jV' J) JtJl ^ilj <3L- ^Jl 
jjAj . c^JlS” b 4j ^W?jl ol cJjb-j c 4 j c^wl ^JJaJ tl5*}U?J 

y}sj yA ^-1,3 ^b-d lO>A^ 3 jpL«.AC. ^ |^aP A-flJ t^^A-iJl ^ Jj b~ 

4j joi-1 j t ^AU il?L ; j (JO JLjCOvI ^-s^j JL*j . Lj oA^l j AaJS 

, j^j aJl ^1 ob-uVl 4jb-j 4 i 

(-OP fljj ^ t L^ ejU-l ^ jAci (I ^Jl j50j 
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j jS" iJLii-l 0| .S^sLiJl if jf-L L*J P ^jJi 

* * t 

tLllLp ^J Lp 4j^*Aij CjJjJt ^ 1 lj-4j 8 

i?LJ jl (^JL* ^ip UjJj ji l*-^ t y^jitJ ijl ^LU .LJ 

4j*w?I j ^ 1 J A^L^Vl 4-Lii-l /^xJj 4 ^L-JL c^i ^JL*JL) c-l Jaall 

(JjLiij! ^lij 8 015"" dil ; 1968 ^Ip ^ d*oLfT lo^S"' 

jj^j jl ^-r^yi V c£^ CjJLiJl ^J-LC^ 4Jl jJjJl (^-XJu 0^ 

td^lil ^>JJ c- ^>JJl jl c-i ^i-l jl tk^JLiJJ IjJLm^ (J 

.l$J oLUr) j* <Jl*s>x Jlj sJLlxV' ^ ^ 4juIiI Uib 

oLiL> r T .^ l l p_Lp jli 4 l*l£ <J ,1 LJ c-Lja-aJl jJ j£p l<kS"j 

015"* L* <• t LloJju LoJiTj . Lu^jliV Lj I^up i> 

* 

. \ \~ . 'n t& ^ j US^Ijjsl (J^t ^ 4 J^i^dli JjIS l<b>«^ ^/?lll ^ 
iwjcut^j L*«Jjlp c d^ IjLudfTbf 1 ^IIp l**^ 

Lj jJ 4jU 4 jt jtdi jJtj ^>«_Ji Jpluff iiii>Jkl oL5 ^JL>w<JJ 

c4dJrl d^li*lAl^VI j-*»j CpJUJl j l*Jl jjipl Jb -1 Jj*- ^ 

Li^t lilj mi s >Vt 4^U olS jJUJl ^ \ J^d. jLd^ J *4 
^ oliLLl fT V' 0 ^utj jl Ad.i> J,l 4 j ji!l o Jj-bL| d^l^vadJl oJufc 
L^iJbdJ o J j jJ -1 0*1 j^Vlj 4 objjJ^I oljl>T:^il — d^l?L>d^Jkl ^-Lp 

L-jLj 4 4^s^\Jkl ^j^UphaJI CmJ ^ y*^" L i ** j ^*7 — - 

o>ljLL jS* jJL .oJjijd# 4jJj LbitjjU 4jljL>- i£ 

* * * * t 

Lcoi I jA 1 40 LJ-I jU ^ L j&\y> yJZ jl j J_o 4 

4 JLJJU j! 4 jpV <4^>- JJ J 4 ju^4j 4 o^j j Jj o^Lp! d-^ li?- 





^iJJLPb 4^.Jl 
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Lyw^* 1 t L y < A. >,<3 * OwL^ . 0*XjfcX^^ 1-4 I 

.*>L#IS" liJ L ^ JaJai£ jJl ^ cLu*jjj (J>I 

AjLp^V^ l)J ^Jl LJLi- jUl ot jUL» A .l* ) (_£ jjl L« 

Lj LapV A^i>-luJl l]^^" — L^>-1 jj 4j aJjl>jI ^Lp 
LJ jjLp j LbL^I c- j-JlJ ^jLS" llj lJ* — AjcJaJl ^ 

c-L-J^ AjcJsj ^J-->cj . (^ j- 3*“SH A^-l cZ^Lj LxJl ^a j ** 1 * j » 

L>-^Lp^ c Lli*j Uo | ^Xzp c L 0 J 57 

olijUil jSl Joju J^b ^ c l*j Ui ^dl tJJUJl ^ JbJbJl 

.-Lj* d*XA ^lp . £> Lp ^lil cU-^l JJ 




SjtjlSJI ^JLp l- 



** * 

|JL*J 4j c . la all jl C^Jjilpl wLai 

5 jLkJj 5^3 ^jA \-tojy£-j i J , j t Oy J l-^r 

j $+ J jj-4 c ^Ja>> ^Jl c a.*. -»J' j UjLa IjlSw* ^*> jlgWi .m 

<j*a IjLl 4li jl^il iJlgj cJaJ-l c. .%,*( ((viil^-lj ^ aSv o-nm.1I)) 

c-J j-L>- ^ £jl ^4 ^1 [±jl>tj JLaJ . LgiS" 

. 4-1 Ip j (j jL>*i\ jJJi J y>~ Jbjll ijjb jy®jJLl jj>- 

^ kJaj-l ^JjJl c Vj l U jjJJ JLi! 

.jl ^Ll ^ i^w* ^jS' toJL* oUL>w~il 

colj jJb>- 4*laJ L5^ /^>» LjU^L^I c-J L »I > - b Ll^3 c ^Jl! i 



^La-uJJ p-y >cil Jliljl 0 jl ^ll 1 :UU^J L^Jcu«ai\ aLI? J>^3jJl iV^l^l j 

. LL^p jLJxi^li u 



^ 4 ^>JLj 4jLs^Lp ia-^j ^ dj LoJL^Jl aJjb ^ ;^1 t j^l 

*Xll t 1 «J^^Jl ^JUl ^jA f.1 la P l - £• , ^-4 j\^S' j-Il 

j&Lj ,<LjI*JI 4 *»la all jJl v * £ l) jJjLJI 4 ^_w>~ jljJ^- ^1 p 0 Jjj 

jL>*jJ Lj ^JL ^j>t ".^ ll ^j -4 Lf t Uli UIJLp jl 0 -LtJLl 

L^i£ JliJl jo^U LlJlp Jj c jJJ j ^jA tl j^Vl j .oIjI>w^J .1 

Ljll alaii- ^ jUf L4 jjllij co!jI>t :...^11 J -4 ci! 




4U*.b H 
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1 a ^ i o^LhP' L? jlSJ . ^9-^.4 Jl 2004 

w-w*LJ 4jLijL| oLj>- j$\j w~w^LJ j tAjLJa.i-1 ^ 

4 4,JLP Lvc 2>- l> ■ ±. .'Cl )) l . Va jli J ^Js ^Lqju jIuS ^LqJl£ 






375 ® bAiLi c ** *t3l -Lgj**_iI . .l-n all ^ Lit Ia 
, LiJj 12 tL*jj 30 L* jJsj \j& j jt ^ 5 jji^ ^-Ljcj V 3j^ u^JU 

1 j^Jaa ^ UJi 30 L* LJj! t,jCL*Jl j* 

4JUl# tlj^ 4^1*- AiLt i2U-->- -Xj>- ^ tbJ^L. 

jP OjLp ^uJjl * -iaiJ li X^La Ail .otfbw-Jkl ^Uajy 

& J 

.^Ja— Jl ^jIp l jJl SlJ-1 ^ ^Jbr ^JJLt it £-* t«ta 1*^*1 j u^J 1 

^ Oj-Loju jjyJlj -Uf 4 3 j-ii-l ^ LJLLp ^ I Li jlai £)J twJJi 
>^la-.g , v^JlS" LJL^jlj LiLSlj b-j^j o! tpj-oj-* vbij 

.i** 




j~* OjJ (<jJJj (jL-j) ^JLJl^jJf <j UJL>-j ^fj>tjJl 

Jr* & JJ-** j* (u^*zr^J j t J ■■ fQ 
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4_CJLaJl J 



j i* ‘ / ? Jjjwj t L j Jj oLi yi aL ji? oLpL* ^J^t- 

oV L jP oL? c£ V Lprjlj c {£ y^SfL 

y*SH O^Xj LiL>-ti Jj-?r <3^ jilj ^Uaxjl y ^ Jl 

• jj I <Lj yP 4 aL j& 4 j i/gll ^y-* ^UajJl jtf'n (5 ^ t 

liL LifT l 01 ( j^-£ L« >»j ^ jJl jl t4j j->Sfl jj-* aLS" 01 

jjo aIiS" L-LO cJ IS" ciJLJL^^iJl oL^p ^J Jail (_£JL^O • L»La 

ctL-iVl o Jjfc *. yil y*p V 01 Liaj! ^u>tJ.lj ^jA . j y>wiJl ^jjj { ^jA 

*>~ i L&Lj^$ Jj ^Jl toLjJl oJuJuJl oLljlII 0^ o yS*t L)ti 

J*5L>- 4JLwJl otLjs^fl c-jjyb v 7 +j+.) ^ir»~ jl jJlj cA^i? jJl j^>waJl 

^jjJl I lj j ja j3j c2006 (»Lp ^ L*L0 0JlJLf\-jJl LjL^j LjI Lc.j 

OLT Lojljj . 3^-**-^ iJLfe JjjXl c^JLl^-I j* 

s» 

yS" jjj 03" Lojbj 0-0-^L> jjj 0 -Aj yi ^4 OlS" V j* ■ - ^ 
J^-lJb Lo*P .~ < xll ^ ^ gj yi? Q LiLio coLjUr-l^Il ywa>*JJ 01 jyr*~ 
.^UjJI c-3*^Lpj ^jIjL^JI tly^rl ( jp ^OJOL^LOl 2 u.j>wql>- 

^ LJ) LaJ t t^uJl 4«JU^ 0 y>r OjySLilj ( J-fc 

OV' 0 j-^L>* . ^—-0 OiOL^LOl ^ ^ jl>J tJaji^ 2000 ^Lp 

(£jS>yj j-*J A>-j^ (_$ JJl 0j-^L?r j yS"jJl 

IJjwL£ dOjb wL*j L» 

; 

AJUf ^ Lo3" C-^LzSsJi ijjb yio OjL^ LJ PtjL^r I J*S\ y-jjflj 

LiJjp 4 4-*j>*^qJO 4JLL-JI 4ala:ll ^ — 2008 J* (Nature) 4»..U ll 





tiJLU-b 4^-o—Ji 
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4fT j>- <L.a.JT 4*tai 1 1 c tcl^>-Sn o-AJb 

Ljfj (^jVl 0 j-gJUj .oJL-*>» j*POj c4*»*jLj J 
J jH ^ip 4 ^ *-Aj ^PO^ cl^Jl ^*JliLj 1 1 <4 */3 ‘>tl1a L*jL* Ul 
toLgJl £j j* JbJUjI ^jA JpLii-l ojjt Oc-L>-j . aJL^JI 

<3 Jl! J C^UajJl oli i^Lw-Sn ^V» Oj<P ^Js- 4jl | L^oJblj 



.(Operculum) c-liajJ! ;oUt o&Jap 
^ „la.x>i ^ ^ . .tiLjj-l ^,ia.*J c A-Jj ^liajjl 4j>r >A */> jJb cllajJl 

^ ^UajJl oJUb AjLtj CU)lj tc.jj .^UsjjJI oli iJlo-xSH 



oJUb ^ jJL c^j^^UlJl JjL^ LjJLaJ . oLil ^jl>- L ^*aJl ^Sj ^lll 

^ 0 . li oJl^J A.n..Wll 4 a .1? jJ( 01 . ^cJjjJIj AxLlaJI 

dJJi 3*^ JLAJ .p-J* UU clil dij ^ ^ 4SU-~Jl oJpL~* 
£*Ju t3^^J |*jiJl oLil (3^^ 4if ^>- 

c_^iij->TLj ^oLl]| ^3 4JL> ^laJl 0.-Lfc . clia.mll p-^Pl^-1 ^ip 

jl c-lili :2 UjLJ| ^1p ^Jl coLjl (^ jl! Ijtl jj ^\ ciUj ,jp 

^ijb C4J jjl jl |f ..tlLjj-l *1 yji c4^MjillJl c AjgpSn cl 

^ JULjaJli . j-L^aJl j-*r CjI jotl> jl Jaij 

C^U*-^ .pjJl 4»>*^3 jP Ia-^>-jL>“^ u^jft >'* J! 4*Jl 

( 0 i 0L«j^)^ ^ ^6^ lP Ipjj 0^ 

L*Lf C|^-a5Lj ^^jLiII j^^P J-oJju .c-UajJl Lg-i^Jj 

i] j->0 C-J LS^ c4 i jiaJb cUaiJl Ol^-Ai cc3^-^J V 
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4jT-LdJl Jit* 



J-s^j JLp Jojj ^lll c^UajJl yA OwL>-lj j-fe tUaiJl Lgj 

<w*P y ^lll 0^ ^ M ^ ^yl ^Jl 

jl jJjjj <t jLbi i^JLJIi^Li]! .aIT dJj ^ l $ : 1 p L^Ij dJjy*o 



c^ilTJlj ^yl ^Jl J*3 j l ^1p J-o-*j cI^jc^ot ^UajJl j frUajJl 

l ^ .*1 j ^J b j£- Lgj iSOlj (jlT 4j| I jjbj . 4 ,.L il. > - jyp <,jXJllSv ^T.1J 

^y* /j^N. o .» . 1 lP LJmJ C cZ-* 1 L) I y ^*~ C I P 

c^ljuSfl jL*f ^ .A**uLJl l5^ 



4_s3 ^Jl . 4 mJ yjJl oI^Lj ^Jal) 4^>-y JLp i^J-IuJ dj^li 

l5 Jp ij — *aj j^p^ ^ cjUIjJ-i ^jSsP LjjSr jVi (^aj ^ 
jLJ| jl ®LLl iJjJl ^ Jli-I ^A Lfc5 * caJUaII ^y?jSfl 



yj jjf J-oju ^ jJj l ^ '~j cvJiJJ y>- jJaij jjjl Jy>*j A^cJfel ^ fraJj 

. 4j> j jl Oj Jaj>- 0 yKj <*3 y*» — Jax-Jail 

vjJUl^Ll]l jl i^JlT Ljajl ^ la « *» II ^Jaj Lo-T 

^5 o^jj>rjil A<JajJl ' — cy IS" ^Jli . (_£ y>j Ail^* C— >15" 

aJL-JL*i AoJaP cjlS" — ^ ^iJ|j y^ bJil 

OjUlll yA jJLta |+JL*J . ilLw^Vl 4 - A u-'fi' 

jl 4 a I a»ll dUj ^ 5 ^ OlT c^j j.t.Jl J ^>tlJl iiliJu .oliJr-lj 

e 

o j±£ A<Ja*r l { j ^ jk^aj 

^ y Ul .jiSfl ^ 4^JaP c^lia*Jl oli Jf yi^ ^ 



iJL ^Vi Jl >Jl*j cbr-^ yi.l^VlS' JjVl oUL. ,ji\ J cyt Tj Jjl 

JTp OjIji q jy^ 4uJaP ^ld-^ 4yLl^-l l^J l> L pjJl ^ ^ Adj yiil 





liJLiPb ^ Jl 
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L j^yL* J~* 5 jy*-^ £*: "<* ' £ 4-~4 jJUyy- 4o /jP 

4 h ,+> y* l *JJh£Ljl ^3 4 olitfi a~L*> ^// Ljjl o jy*~ u ? 4,o j ia p ^JV (_J y>%^zJ 

p-**j . 4+jIJLJI <S>LjLa yjl j ikajS' jJl aJLL>*- jJLa~* V/ ^ j jJ^Ldl A^oJsmJf yy ^>tjLl 

c 0 ^ ^j ? * ^ * * ** ■* ' lJu>- <ij^tll iJLo^Sn o-Xa ^ LojJ15" 

cJlS* 1*1 .2 Jp oj^S" 4-<Jip 1 *jl! ^Jl 

L* oVI <— i ^ ^ 3^-s-Jj <ii>* 

^Ua*Jl cPjjj Jj ^ 3 Jljl .^JJll^lJl ^ <jJLL aJlP OwIj 

£jA yu^\ 4-oJip ^iiJll^LllJ jlS' y L) C-J 15" ISLoJ C A^LqwwJI 

1*l* j\5l a^joJ ^Ji ^ L*^Jj (.Ojjyj y*J:*~i)}\ <o jil *^JLlJ 
, l ^ Lj I~3 +m yj* ^^oJ?7 L*j * J** L^Sf i ^3 

^JdLpjJI 4^jLL>- a 51<^J1 ?oiVl wLlp Js_ 3 ^iil ^2 ^j5J 

jj-^j .A-jpL»jJl Ja-xj ^ v -j j& a * 4j OjjQ 15" 

.4-il^l AjI *J l Jtlf jf 4 ^JUU jl c4j! yJl 

Jl3 J^ajlili IAj^U? j\5"t a^oU! ^1 p ^ r L r *j ^xJl tOLil 

?dULi5^Jl ^ jlS -L>-jj I5L* aiju 
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4jT*AjjJl > . At) 



Uub . j JjSj jlJL^iV I ^ US' 4^Jj jlS^il ^ cj.,rgtf* *]La 

(^.jJ (J,jVl ^ j-JL 4jjLL* tJbr 35 * <j>«Xa aJ ., <? a 1 1 

0^jJ>-^ll jJJL 4^JL> ^jA {£ j>- Sfl 

uiL- J^ViS' oUU jJLj 4^Jol jl c oii.j-1 4»|g_i-l tSlU^Vl ^ 

C— S' c2008 ^Lp (J* -L* (( jJUb^U 4^o— Jl)) jl Lc. 

-U*J ^lll cj jiaj j UU?U J ^>* 4-ll^Vl ^j- 4 ^y> yu\ 

jjb \s* CL)V» . Df-Lj Ljj c-LoJLp 

Ai^Ur-l ^jVlj c jo*±\ LJa*j Jjb)) c^Ujt jl jo-Vl 

- # 

j) .*V jlaU ^jA 4jU^^fl ((?Lj-J \ j£>\ \jj>x^p <U>-(jLLl 

0 . 

UUJLP O^jIS" US* UL£ ^A ^ L^JlP ^J-oJu ^lil t4J jU-^Ui j y>r t /s II 

^jjSUa ^a t t^}jVt Oj-ojL! jjlS>i l «lp A 

UjJjJI SJUa 4jl Q>L . , M 1l ^ Aj fli (^JJl 

c c-Jj j\Saa jjt> c^l j^-JcJl o JLa jS*! jlS^iHj j c(_£ V i ol^JcJl 
jLaJi^ (J^jUll jLc^i ^LLjI .fbVl 0 S-A 4 aJa ill ^Lp (^lAJl 

as^j^a j\S*l d-’i ^jj JUuJl t- ^Jaxll l 31 ^ygl t j^Ull J 

* fi * 

Li La L^j. 3 l (jLJ-l L-ft-*>o ^j> y* . Li Jj L#Jjlp 4JLp OLS" Lr 
4 j jj .2000 ^Lp LS^ ^ j># ^1 Ljlp jlaJ ,a^LJ( oXa 

SJajiJi IjJLuJl ^ V ^^>0 jLI O-jLS" JLaJ cLll*iJb^' 

P-LjI i»^Aj>: jLi ^ jAji jl .^1 Jpi 4 JL 0 J JOu 

jw^j jl >v dJJji .2000 ^Lp ^ jj ® ^£^3^ 

^ ta r^ 1 ^ 





jJUO-b Jl 
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(j! LgJ ^iJl 4-jL^Jl J y*- 4jjol ^llSl 'LoS 

o jA>- ^jL>- ^ j ^ ^1 » ^Lil ^ L j~i*i 

jlfrjSn /lSL^^ LJai I ^LL- ij j <J\ J>j:„ (NV2K17 >♦ ^L, L^j 

j jjj c c-jUjJlj c^ JljcJlj c (JL«I ^Iaj j\ 4-LJLfc i /a" 

r Lj ^i>- o^ jj>r j-4 £t_Li!l £jL j . (j^l jJi ^ Lju-o^t iJajiJl L^JL-il 

Lit 4ji>v ^jJl CjiL*il oli tOJLli p-Pjj . ^jLj 4jl . O-waJl 
A-jl yu* s )J\ oljL>r.:.^ll . *^il JiJl s-lil oULj j iJLk-^L c^jI^-»I ^ILp 
jl c^IUJl ^Lll ^ jAu \ JL>-1 ^ jJ JL9 4 .. I? aJ| j 

ol JL> o ^ ^Jl ^Ldli iOIujVI Lj-l! o jjfc> .45* oljlS 

< 

^ j ^>c ygll j ti~ .'/i a aj^j 0 ^JL» 375 Oli" Lo-^ Ij^iS* 

. £ 1 ^(' 1 i'J LL I ^g9 4*j ^3 L - 1 15* ^^0l ^ 



C-JlS" 131 L to^lp LgJ yu\ ^Jl cl£ _ y r^Sfl ^JL^Sfl 
0 ^ ^ Ij Uo*J. I cLohlf' o\ . oj>^jiaL1 <AJ-\ 
t JT L ** *J L I oOjb «-L>~ | . ^.1 Ij ,>/ 3 1 1 1 Jl ^ j ^j^L^.*J A ^ A + JL^ 

^$sij .((L^ljJL^ j)) <iL>- jjb (j| cl ^ *.<>>- 

(jy Jaj ^zll cO*)UaSI jt-^3 ^ IJJLpL-j L^jl jJ^pl 4 j 

, 2u-jUI ^Jl oLil c4j ylil (JuLpjJI c^I 3 ijLo-^Vl 

oli (j| ol* 5" ^ jyio (^^iJl a J- l LjjJ 

# * * 

01 OVI o? Lab" . oLJLa^Jl ^V4 I J^>- LjI j j 4^j } 4*5JLi-l tojLpjJl 



^uLi ^A-S Ljajl o yu j Vl j ^1 oJ-!i 

^ * 

4.....U.I (.julpjjl ^ yj .^^ 0 1 C I L -* I A 1 1 i^_hS" ^)l ‘i-^ 
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Aijli* Ulij! Cjl**.* lJU-fc * ijl jJ^Vl wLJLi 

dl*— S' y&M ^JuU^I oli ijuJtfU .oUUjJ) £* ik±\ 

tjVJJ Ifrt Jjiai>fcj jl ^1^- tljULtjyU ^Jl>- 4jL^* t4^j jjl 

JJlJj^ ^iLu^b If** <L*\S /■ ^ fl ; 4 CJ Li 1 >wL— - l 1 iili-fc Ijjjflt 1 } . j JLLtJLJi 
^0 jjo : ^kSsJi UL* ^ ULJtiU ^Jl 
4^iJ dl* Lgjw?j jf iiijj j LS^VI j 

(Ventastega) t(Gogonasus) 

0*1^ ^ jphJP ^UjIS'' 4 t_-> jU jj l ^ fc g f' dJLfe l)| V Jy* i 

* * 0 , 

^ aJs^j U j jfe ^JaJ I 4 IS" 4L-LJ1 J .%-Jj UL- Ifc* bbS# 




& jjs? . ■> jjj i 2008 jJjj 19 
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cc-ib5^/ij t<— it ^Sn ^llaPj i^l J>\ 

Jj coj j-iiil JlJbU c-~J caIT lJUb .<_£ ^>-Vl 

bf Jbjil i]La Jtjj Vj coliJbLl^ AiU- 

c-bo^^ill t_ - W ^ li Lo . jlaj AiLjuiS^I |%-ij i 

* 

• aJI ^-Ip tl 

* 4 * - 

(_£^l ^Jl IJLfc L^JLlp |JL>- Ljj->- o j5Uv t jJLu L* j JJL 0 j^>- 

-Uj j LSI LLkP JjaJ .fU ajlJa > JLju ^j^jSfl ^ 0 ^i£-l ©Jlaj 

oJLfc ^ ^UajJl ^L>»j^ SjLijJl ^yk Jjijl! lJu j3j cl) 



tf *lgll ^4 aJUl* cl^ULi^ jryP LS jJL>- J 0jOL4ll A_*jLjl 

* t- . 

JLjJuJ tLjajI j j^waJl o Jl& ^ ^sAs*-iJl oL L i? lltjfej 

j> l 5 Lp ^La LaL<J*J ^i!l c^gJlj t^-LxJi jr ( JLp 

— jjJ? j&-£- LlS" 01 -^■J £-oVl ^^Lp C^JslC ,(jC*Jl 

JS* ^u*j . cLaJju 3,0 t2,0 k^JJLjiSCj c-iLtsiS"V 

L 4 L.I Jjy j t AJTJ3 aJLl*V oLl^r) C 0 *bJL>- Ajb^J, cJ^LLiS^I 



. JU^Jl AjCL* ^jfc oJLAj . 43.2 j%S*I 0 ^ ^laJ oIj^L^ 








dLU-b XSCqnJI *t*wl J jty J*ailt 

jtsl 4 ajIi>* ^ oil 4j jjiiji j tijjSn j^LaIi iiaJ->- c.»> ^ ».^> <Aii 

olW-Jt aJL^S^/V' oli*Ji j ji 

c.U>-Sn ^ A-^ ...^-h.i j 4JL"mt A.- t .- < Ld a. L ^ 

Mike Novacek’s Dinosaurs of the Flaming Cliffs (New York: 
Anchor, 1997). 

Andrew Knoll’s Life on a Young Planet (Princeton: Princeton 
University Press, 2002). 

John Long’s Swimming in Stone (Melbourne: Freemantle Press, 
2006). 

.Jjii-1 ^ Jw? y j <ju l ) jljj 

^ LlP^J ^ OJL>i <3 jiaJ^ L^3 Uk. ^d! tAjjLall (3 jiaJl 

A>u-J lit (3 ^ — (ji aLj jl>- 

.Aj^'^JI olijbuJJ AjJjJ! aIiaJ j iAj^Jtli ULu< 2lil AP^<jL>tll 0 jLp 

: Lg ip a>U, ^Iiaj j jluT Ujb 

Henry Gee’s In Search of Deep Time (New York: Free Press, 
1999). 

*• iff OjL*^Lc&JJ L/J * ^A 0-L^d ^jA 

Richard Forey et aL, «The Lungfish, the Coelacanth and the Cow 
Revisited, » in H.-P. Schultze and L. Trueb, eds., Origin of the 
Higher Groups of Tetrapods (Ithaca, N.Y.: Cornell University 
Press, 1991). 

C— £ U(oliljJ“! AyfljJb»- Iwfc^j )) J iSjy 




dJJU-b 
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; oJufcj t vJjJl (jl j jS f l ^ l^Liilu 

• Benton, M. J., and Hitchin, R. (1997) Congruence between 
phylogenetic and stratigraphic data in the history of life, 
Proceedings of the Royal Society of London, B 264:885-890. 

• Norell, M. A., and Novacek, M. J. (1992) Congruence between 
superpositional and phylogenetic patterns: Comparing cladistic 
patterns with fossil records, Cladistics 8:319-337. 

• Wagner, P. J., and Sidor, C. (2000) Age rank/clade rank 
metrics— sampling, taxonomy, and the meaning of «stratigraphic 
consistency, » Systematic Biology 49:463-479. 

4 3 y* C 4^3 Lj 1 J j y>x^2 .\ ' 5 

4JL*Lij 4JL^>- 

• Richard Fortey’s Life: A Natural History of the First Four Billion 
Years of Life on Earth (New York: Knopf, 1998). 

: 4j jLajjJl > — 

• R. Carroll, Vertebrate Paleontology and Evolution (San Francisco: 
W.H. Freeman, 1987). 

• M. J, Benton, Vertebrate Paleontology (London: Blackwell, 
2004). 

iJLfc ^ J fUity oLpI jj J — 

Jl J jj>ij 01 y* JU&Vl 

• Carl Zimmer, At the Water's Edge (New York: Free Press, 1998). 

• Jenny Clack, Gaining Ground (Bloomington: Indiana University 
Press, 2002). 

Jjjjl y* ^ iJ ^JuoJ biljji — 

£>4 jiij 4 AjLgdaJ l 4 JL 4 ^ t2006 

• Daeschler et al. (2006) A Devonian tetrapod-like fish and the origin 
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of the tetrapod body plan, Nature 757:757-763. 

• Shubin et al. (2006) The pectoral fin of Tiktaalik roseae and the 
origin of the tetrapod limb, Nature 757:764-771 . 

• Jenny Clack and Per Ahlberg had a very readable and comprehensive 
commentary piece in the same issue ( Nature 757:747-749). 

'Jut Ajj < j>- ja\ y L^U.jJLcj Jif — 
jj ,A^o^ Jaj A-lSlj cLJL>-b c^l4xil iJlA 4.* ,C> 

fi I '4jfc L$j j*— ^ clg— jL o j^JLj ^ ~.:J jlif ^JJi 

j ^ aj (^jJl ^Js- 

Ip^jU tj>tj jCio 1^15" jli cLjIj 

J4j js y j>- \ ty- U-Uj 

i^J ^ J ^l±l! 

JaX Ji>-V t JjSH t JlSLiVl ^ji ^ O^- ^ ~ 

Jjc>- J-O Ojou^Jl j$\ ^Lu 2P — — o J j>-1 ji\ A-oJaxll 

<s <> jts* £>LJl j y}\ (Vicq-d’Azyr) jjjL* dLi 
J-* Ja^Jl dJJi c 1 8 12 ftp ^ (Geoffroy St. Hilaire) <S j%* 
jlT Xai jl ^lali ^>6-^* <3J .^iUU p-gJ ^laj 

<1)15* AaJ i. <g > ^ if? i i L*L~l4 l a .la ; < 

o* ^ J 5 ' ^ JjV' J 5 ' ^ J*V 

LLjajaJl fij-A ^eJUJ jjj ^SsJ c((jj jS^Jl Jdlji)) 

• {J* 1 J^-4o 

• T. Appel, The Cuvier -Geoffroy Debate: French Biology in the 
Decades Before Darwin (New York: Oxford University Press, 
1987) 

• E. S. Russell, Form and Function: A Contribution to the History of 
Morphology (Chicago: University of Chicago Press, 1982). 

Jj>- oL ^JUaII l3 j~J aJ ®, A Jju (.OjJ J> xl j ^li Jj JU>- JJLP — 
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Jy- 4 j J l Ji jjSfl <j-* U jjiaJj t<— il ^Sn 

:J>\ >Vl^Ul=*II ^Sfl 

• Brian K. Hall, ed., Fins into Limbs: Evolution , Development , and 
Transformation (Chicago: University of Chicago Press, 2007). 

L-il J tcJdlpjll ( j-« JlIiNl oJbill ^1 ij* — 

: <0 *ja T > 

• Shubin et al. (2006) The pectoral fin of Tiktaalik roseae and the 
origin of the tetrapod limb. Nature 757:764—771 

• Coates, M. I., Jeffery, J. E., and Ruta, M. (2002) Fins to limbs: 
what the fossils say. Evolution and Development 4:390-412. 

ixA\ olJH dJlill 

ol*>4 _^ll ( j- 4 j g A* Jj ^ |»JLp — 

: Ja>\ v_*o*>u jA l5 1p j j^a>JJ .aJjVi ciijjSfij 

• Shubin, N., and Alberch, P. (1986) A morphogenetic approach to 
the origin and basic organization of the tetrapod limb,Evo/wrzomzry 
Biology 20:319-387 

• Hinchliffe , J . R . , and Griffiths , P. , «The Pre-chondrogenic Patterns in 
Tetrapod Limb Develoment and Their Phylogenetic Significance ,» 
in B. Goodwin, N. Holder, and C. Wylie, eds., Development and 
Evolution (Cambridge, Eng.: Cambridge University Press, 1983), 
pp. 99-121. 

L* J»Ja3l * j 4-UJl! J*VI £-1 lJL jJj jwUjL- jbr — 

. alll tL>-Vl |%JLp ^ i iSsJl ^5 JVI ol y jl aJjLij 

• S. Gilbert, Developmental Biology , 8th ed. (Sunderland, Mass.: 
Sinauer Associates, 2006) 

• L. Wolpert, J. Smith, T. Jessell, F. Lawrence, E. Robertson, and 
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iJLjsj ji ^ jaj toLli^*>U 



E. Meyerowitz, Principles of Development (Oxford, Eng.: Oxford 
University Press, 2006). 

t3j^j JLflJjdi t^j^r " A ^ oJLp 4Jj^ (3 j > *iJ 

; ^kjl tL-ii J^i\ Ja-C 

• Riddle, R., Johnson, R. L., Laufer, E., Tabin, C. (1993) Sonic 
hedgehog mediates the polarizing activity of the ZPA, Cell 
75:1401-1416. 

\l Lfl.ll ^1 p 

• Dahn, R., Davis, M., Pappano, W., Shubin, N. (2007) Some 
hedgehog function in chondrichthyan lins and the evolution of 
appendage patterning, Nature 445:311-314. 

j JiSf' >Vl oLiJ J ^ 4 JUI JUf-Slt — 

• Davis, M., Dahn, R., and Shubin, N. (2007) A limb auto podial- like 
pattern of Hox expression in a basal actinopterygian fish, Nature 
447:473^476, 

<iJt teyUJii! j^isu ^ 4 Jjbj.ll 4^-^jj a~3\ 4^-jf — 

• Shubin, N., Tabin, C., Carroll, S. (1997) Fossils, genes, and the 
evolution of animal limbs. Nature 388:639-648. 

• Erwin, D. and Davidson, E. H. (2003) The last common bilaterian 
ancestor, Development 129:3021-3032. 

Ot£- JT J oL^t J I 

^ oLi-Uii ^jA JbJjJl ^ 4>w?l j CjLjJJJI ^ jLuwVl 4^oJbt ~ 
^ tlJjJji L.U 1 .. w h Jl .JjJj 

: ^ 4jai^* cjIa>-I j^* iiLjb . oLj-uJl! 





viJUU-b 
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• Z. Kielan-Jaworowska,R. L. Cifelli, and Z. Luo, Mammals from the 
Age of Dinosaurs (New York: Columbia University Press, 2004); 
and J. A. Lillegraven, Z. Kielan-Jaworowska, and W. Clemens, 
eds., Mesozoic Mammals: The First Two-Thirds of Mammalian 
History (Berkeley: University of California Press, 1979), p. 311- 

•ij ^ j?.) j* - 

• Jenkins, F. A. , Jr., Crompton, A. W., Downs, W.R.( 1983) Mesozoic 
mammals from Arizona: New evidence on mammalian evolution. 
Science 222:1233-1235. 

: Xs y LJ t 

• Shubin, N., Crompton, A. W., Sues, H.-D., and Olsen, P. (1991) 
New fossil evidence on the sister-group of mammals and early 
Mesozoic faunal distributions. Science 251:1063-1065. 

j j J J y- OjJ-l y* — 

lIjLJI y>- y* 4 JI c- 

: gr* 

• Donoghue, P., and Sansom I. (2002) Origin and early evolution 
of vertebrate skeletonization, Microscopy Research and Technique 
59:352-372. 

• Lg r. A aIj y aJ> y £> ; il jJl oL*j>4 y — 

• Donoghue, P., Forey, P., and Aldridge, R. (2000) Conodont affinity 
and chordate phylogeny. Biological Reviews 75:191-251 . 

LgJ yXj J Lfcj jIu j k — « y J * ‘ (J — 

4j y» 4j yn^ ^ 

• The Skull, James Hanken and Brian Hall,eds. (Chicago: University 
of Chicago Press, 1993). 
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l - j* j j jJaj d«») I jJL^JJ OwLp ^jA <!L*j>X£- o*-La 

• G. R. de Beer, The Development of the Vertebrate Skull (Oxford, 
Eng.: Oxford University Press, 1937). 

J l ^ UbJj4 L)i ( j5jc C ^ <~S Jjj ji\ jjltl — 

^rSH p-Lp ^ ^->- jA J-P .<U>-Sn |*-Lpj J^>- 

:>;i 

• K. Moore and T.V.N. Persaud, The Developing Human , 7th ed. 
(Philadelphia: Elsevier, 2006). 

• J-* ^ (3^^ j^l ^--*o 

• K. Moore and A, F. Dailey, Clinically Oriented Anatomy 
(Philadelphia: Lippincott Williams & Wilkins, 2006). 

ja JLj'yldu* yiJ 4^**»LjoSn (JLo-pV^ — 

• Balfour, F. M. ( 1 874) A preliminary account of the development of 
the elasmobranch fishes, Q . J. Microsc. Sci . 14:323-364. 

• F. M. Balfour, A Monograph on the Development of Elasmobranch 
Fishes , 4 vols. (London: Macmillan & Co., 1878). 

• F. M. Balfour, A Treatise on Comparative Embryology , 2 vols. 
(London: Macmillan & Co., 1 880-8 1 ) . M. Foster and A. Sedgwick, 
The Works of Francis Maitland Balfour , with an introductory 
biographical notice by Michael Foster, 4 vols. (London: Macmillan 
& Co., 1885). 

Jfjl ^ g-LJU.ll JL>-1 ^li — 

: o jLLU 

• Edwin Goodrich, Studies on the Structure and Development of 
Vertebrates (London: Macmillan, 1930). 

3ij j *. il j 1 jj j>- c^S"jt c j ^iJb — 

-L-C J Ji tLjJUJl! ^jA c*>\ j-iiJl Ulf jJl ^ L; 
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\ ^ ajj 4^Sv-*^^A^vJi j^Ls^li ^jA &S* y*t*£; 0 5jb . \ »/3l\ 

. *<r"f .. . t l i ; _ - I -l /- . 



-J. 



• Olsson, L., Ericsson, R., Cemy, R. (2005) Vertebrate head 
development: Segmentation, novelties, and homology. Theory in 
Biosciences 124:145-163. 

• Jollie, M. (1977) Segmentation of the vertebrate head, American 
Zoologist 17:323-333. 

• Graham, A. (2001) The development and evolution of the 
pharyngeal arches, Journal of Anatomy 199:133-141 . 

\ A^a y 1 jA -ilL-fc 



• Kuratani, S. (2004) Evolution of the vertebrate jaw: comparative 
embryology and molecular developmental biology reveal the 
factors behind evolutionary novelty. Journal of Anatomy 205:335- 



347. 

• Baltzinger, M., Ori, M., Pasqualetti, M., Nardi, I., Riji, F. (2005) 
Hoxa2 knockdown in Xenopus results in hyoid to mandibular 
homeosis, Developmental Dynamics 234:858-867 

• Depew, M., Lufkin, T., Rubenstein, J. (2002) Specification of jaw 

subdivisions by Dlx genes , Science 298:381-385. 

* 

o»L* jJjlL! ^ja \ jfS' ^Jl5j c o OuJ? ^ j$\ £a jJ^oa — 

Ajjjjb-V' ^}j>- 

jA aJIjJI 

• P. Janvier, Early Vertebrates (Oxford, Eng.: Oxford University 
Press, 1996). 

4jl** j jAa 530 Lb ^J lj c *fj y>LgJl a 
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• Chen, J.-Y., Huang, D. Y., and Li, C. W. (1999) An early Cambrian 
craniate-like chordate, Nature 402:518-522. 

SjJL O llak^lt J*a3? 

coL^-Ull y JUJudl ^ y^> yA C*JlS" pU al a£ - c- j-io “ 

; ol bbJL>-l . JL>- 

• J. Valentine, On the Origin of Phyla (Chicago: University of 
Chicago Press, 2004). 

: a jwaJ j fljjb . J jwJl ^jA OjJLuJl JLa — 

• Jane Oppenheimer, «Baer, Karl Ernst von,» in C. Gillespie, ed., 
Dictionary of Scientific Biography , vol. 1 (New York: Scribners, 
1970). 

: jlaJl L*)\y,s3 AJ obLLfcJLl — 

• Autobiography of Dr. Karl Ernst von Baer , ed. Jane Oppenheimer 
(1986; originally published in German, 2nd ed., 1886). 

iLjajI y* JUJjJI ^1 p ^ oJUfc — 

• B . E. Raikov, Karl Ernst von Baer ; 7 792-1876 , trans . from Russian 
(1968). 

• Ludwig Stieda, Ear/ Eras* von Baer, 2nd ed. (1886). 

: LlJ j ji ^jLp J ^laji — 

• S. Gould, Ontogeny and Phylogeny (Cambridge, Mass.: Harvard 
University Press, 1977), 

• S. Gilbert, Developmental Biology , 8th ed. (Sunderland, Mass.: 
Sinauer Associates, 2006). 

((piaill)) J y>- *JL* - 

• De Robertis, E. M. (2006) Spemann’s organizer and self regulation 
in amphibian embryos. Nature Reviews 7:296-302 




jJUL-b ^6— Jl 



302 



• De Robertis, E. M., and Arecheaga, J. The Spemann Organizer: 

75 years on. International Journal of Developmental Biology 45 
(special issue). 

£->- Jk Jjaif J* ^L->- J 4—o! J,[ J jJi _ 

* 

AjIJj 

• Sean Carroll’s recent book Endless Forms Most Beautiful (New 
York: Norton, 2004). 

tCjLui-l If) ULl^- Aij.tJ-1 ol*>4 jil — 

. )l cZj Li 1 

• Erwin, D., and Davidson, E. H. (2002) The last common bilaterian 
ancestor, Development 129:3021-3032. 

4j aIaj iillA jl \ ^JjL>- Jj ^Jr 4 bj-Ldl — 

^ L> ^ ^l!l tjwil JaJai^-j CjC-Lajl ^ 

: l oJLa A-iilu cJ? ,JL*Jl 

• De Robertis, E., and Sasai, Y. (1996) A common plan for 
dorsoventral patterning in Bilateria, Nature 380:37-40. 

J,l C(_^ C.. oi Jkzj J y>- Ja^\ olpr J ~ 

• ^ 1 c£j^"Sn *LiJ' 

• T. Appel, The Cuvier-Geoffroy Debate: French Biology in the 
Decades Before Darwin (New York: Oxford University Press, 
1987). 

Aj\ L $ Jaju ^ fJu J 3 j-ojJl iJub \ ^LJ Y jJL!l jl-lo cjOLJI — 

oUJr-1 I? Lib cjLi-J 0 jSo Jj cL* aL>- ^ ^ 

:^k;i l-U Jl ^IS 

• Lowe,C. J,,etal. (2006) Dorsoventral patterning in hemichordates: 
insights into early chordate evolution, PLoS Biology online access : 
http://dx.doi.org/joumal.oo40291 . 

1 a *'♦*4 j* 1 — - H JL*^4 j jl£ t j j L4 1 c1jLj>- 
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4^5"" g^J c 4 j ^ jJLJl 4 ^jlJ) 0 j : :.^:!l 4^»JL>JJ j y*-~-*+ y jJjjLfcj 
i^jL>wdl egg ii . j jjJ-*) jl g^>- t yjlSL* Oj^rj t y ^ t r .la!l 
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o ^So y (J, L^j J-pL^i £ j j-wwjLa 15\j^IS" ^lLS" jJ 1 JL>- L ^jf Ul 
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^ * c 

Jj yj tyjy. t OLajJLfi ^JV I J&r Cs-t • *A>- ^^ail J,l 
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(JOiJl j» g 1*»*I 

cljllS" V T^TL^j ^JjI LaJli li jfr jya^M ^ Ljjlp C^-iJlj 

Su-eJLsT J^Lj liu 5" viJLil Ia-jjLcJ VjJ .Ja*1 01 ^j^- 

c -L*>) 1 4 Q. J^Lp .Iwbl (JSjj-^ ^^Lp 0yAj>“lj 

2JL1? — IJlaj jJLJli^LiJl — jJU-Jl c I jLa j Juiiu 

C * — > LzSvJi 1 \jjt) ^y> 4j>x_^-J ^|5" ^JLp i jjL C-jlS* . ^jvlLolS" 

Lsij lf±ai ^Jl ^ AjL^J Jkp 2ik JjJLI ^ ^jLp c^p:> j 
.L* 3l^ L* L^-a l ^ ,j>- ^ uj . oiS't 





> c 1 1 -vl j 4_SLc_uaJI 



Lo iij_aJL La_u_k> J_S — uxj jl dlLo — u^Vl jolio-c 

_j_C f I • »««l fO-LsJLj 1 >.')) I.v.^.j I i •>« ; moI . < 3 i 5 > j .<3 I 1 f . 

ilILc u^Vlg jIajjJI jjiL>i ^-0 5 - 9 I 9 -O L-ol — 

^ ^ o -t -l ^rJj pL>*-»l ,j_9 1, 0 A c . 

.jLojJI I.Lfl> ^ ri. t-> X in ■ II Q.lo-m ^JLx. jl9-X>- J-£ 



uj LLijg- ^bLtl l j-o 
5L-ol m >-l 



u*^jj ^Lu»i j9->- jjl>9 -> -> . uLx i 
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